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The Upper Rhine Graben (URG) is the most discernible part of the European 
Cenozoic rift system. Uplifted Variscan basement is exposed in the Black Forest and the 
Vosges and forms the flanks of the southern URG.  
 The impact of the Jurassic hydrothermal activity on the interpretation of fission track 
(FT) data from the southern URG is elaborated by means of new zircon FT analysis on 
samples with known U/Pb crystallisation ages. Zircon FT central ages range from 162 Ma to 
247 Ma. The analysed samples experienced substantial annealing prior to Cretaceous cooling 
that cannot be explained by burial alone. Instead, it is suggested that circulating hydrothermal 
fluids with temperatures in the order of 200-250 °C are responsible for the observed thermal 
anomaly, which is also evidenced by vein mineralizations. 
 FT ages of 28 outcrop samples collected along two E-W trending transects 
from the Black Forest and Vosges vary from 136 Ma to 312 Ma (zircon samples) and from 20 
Ma to 83 Ma (apatite samples). Broad and/or bimodal track lengths distributions indicate a 
complex thermal history, which was determined by inverse modelling of apatite FT 
parameters and tested against the observed dataset and independent geological constraints. 
Cooling below 120 °C in the Early Cretaceous to Palaeogene was followed by a discrete 
heating event during the late Eocene and subsequent cooling to surface temperature. The 
modelled time-temperature paths point to a total denudation of the flanks of the URG in the 
range of 1.0-1.7 km for a paleogeothermal gradient of 60 °C/km, and 1.3-2.2 km for a 
paleogeothermal gradient of 45 °C/km since the late Eocene. 
 Zircon and apatite FT data from four boreholes, which penetrate the Mesozoic and 
pre-Mesozoic sediments and crystalline basement of northern Switzerland, are also presented. 
Inverse thermal modelling of the apatite FT parameters reveals the low-temperature thermal 
history of the crystalline basement of northern Switzerland. Moderate to rapid cooling of the 
samples through the apatite partial annealing zone (PAZ) at the end of the Mesozoic was 
followed by a distinct thermal event during the Eocene and subsequent slow cooling to 
present-day temperatures. The Eocene heating episode coincides with the initial rifting phases 
of the neighbouring URG and associated volcanic activity. Crustal-scale faults of the Permo-
Carboniferous Trough of northern Switzerland could have acted as major pathways for 
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The Upper Rhine Graben (URG) is the most conspicuous part of a major rift system 
that formed in central Europe since the Cenozoic (Fig. 1). It developed by passive rifting in the 
foreland of the Alps in response to the build-up of compressional intraplate stresses and is an 
example of syn-orogenic foreland splitting (Dèzes et al., 2004). Its evolution was controlled 
by a repeatedly changing stress field and the reactivation of pre-existing crustal discontinuities 
(Schumacher, 2002). 
In the last decades a great amount of geological and geophysical data has been collected 
evaluating the structure of the URG (e.g. Rothé and Sauer, 1967; Illies and Müller, 1970; 
Illies and Fuchs, 1974; Fuchs et al., 1987; Prodehl et al., 1995) and its Cenozoic development 
(Schumacher, 2002; Dèzes et al., 2004). Nucleation of initially separated basins started in the 
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Fig. 1: The Upper Rhine Graben as part of a major Cenozoic rift system situated in the foreland of the Alps (modified 
after Dèzes et al., 2004). Black lines: Cenozoic fault systems, light grey: Cenozoic rift-related sedimentary basins, 
dark-grey: Variscan basement outcrops, black: Cenozoic volcanic fields, dashed barbed line: Alpine deformation 
front, BF: Black Forest, URG: Upper Rhine Graben, VG: Vosges.
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URG during Oligocene crustal extension (Schumacher, 2002). The Oligocene main rifting stage 
was contemporaneous to the northwestward propagation of the Alpine orogenic wedge into its 
foreland under conditions of increased collisional coupling (Schmid and Kissling, 2000; Ziegler 
et al., 2002). The late rifting stage is characterised by the main subsidence phase of the northern 
parts of the URG during the Early Miocene (Aquitanian) and uplift of the southern parts of 
the URG owing to lithospheric folding from the mid-Burdigalian onward (Schumacher, 2002; 
Dèzes et al., 2004). Ongoing neotectonic activity is clearly indicated by deformed Pliocene 
fluvial gravels (Giamboni et al., 2004a) and Quaternary terraces (Giamboni et al., 2004b) as 
well as by the well-known seismic activity as evidenced by strong historical earthquakes. Fault-
plane solutions of recent earthquakes document ongoing sinistral strike-slip and oblique-slip 
movements in the URG as a result of NNW-SSE oriented compression (Werner and Franzke, 
2001).
The onset of volcanic activity in the Paleocene (Keller et al., 2002) slightly pre-dates the 
initial graben formation and is contemporaneous to the onset of major Alpine crustal shortening 
(Schmid et al., 1996) and the initial phases of the magmatic activity of the North Atlantic 
Tertiary Province (Ziegler, 1990). The graben-related magmatism extending from the Middle 
Eocene to the Middle Miocene is characterised by rift-valley type alkaline basic magmas 
(Keller et al., 2002). 
Much less is known about the post-Variscan, but pre-Tertiary geological history of 
the area, partly since most of the Mesozoic strata have been eroded. At the Permian/Triassic 
transition the Variscan mountain range was eroded forming a peneplained surface (Geyer and 
Gwinner, 1991). The subsequent Mesozoic era was characterised by relative tectonic inactivity, 
general subsidence and marine transgression. Almost uniform series of Triassic to Jurassic 
sediments were deposited discordantly on Permo-Carboniferous series or on the crystalline 
basement in a shallow epicontinental sea. Minor Jurassic reactivation of pre-existing basement 
structures resulted in synsedimentary deformation and small-scale thickness and facies changes 
(Wetzel et al., 2003). Many vein-type mineralisations of Mesozoic age (e.g., von Gehlen, 
1987; Wernicke and Lippolt, 1997; see compilation in Wetzel et al., 2003), indicate a strong 
hydrothermal activity mainly in Jurassic times. Towards the end of the Jurassic large-scale 
domal uplift commenced (Illies, 1977; Geyer and Gwinner, 1991). Cretaceous to early Tertiary 
deposits are absent in the southern URG area. Based on interpolated isopach maps (Geyer and 
Gwinner, 1991) the thickness of the eroded Mesozoic sequence can be estimated amounting 
up to 1500 m. However, it is still a matter of debate, if deposited Cretaceous sediments were 
completely eroded during latest Cretaceous and Paleocene times (Ziegler, 1990) or they were 
never deposited (e.g. Geyer and Gwinner, 1991).
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The Late Cretaceous to Tertiary cooling history of the southern URG area is roughly 
documented by available fission-track data (Michalski, 1987; Hurford and Carter, 1994; Wyss, 
2001). They indicate slow overall cooling since the Middle Cretaceous.
 
Purpose and scope
In spite of the tremendous amount of geological and geophysical data currently available, 
there is still a gap of knowledge regarding some aspects of the regional geology of the URG. 
This PhD project aims at partly closing this gap by means of an extensive fission-track study. 
In doing so, the focus is on the uplifted flanks of the southern URG, the exhumed Variscan 
basement of the Black Forest and the Vosges (Fig. 1), as well as on the crystalline basement 
of northern Switzerland, which is the southern continuation of the Black Forest (Thury et al., 
1994) presently covered by Mesozoic strata.
The gravels delivered from the Black Forest and the Vosges document the history of 
their uplift and erosion. For instance, Eo-Oligocene gravels deposited on alluvial fans along the 
southern URG locally already contain pebbles from the crystalline basement (Duringer, 1988). 
In contrast, the Jura-Nagelfluh, Miocene gravels shedded from the Black Forest to the south, 
contain Triassic pebbles in the basal parts. First crystalline pebbles occur during the Middle 
Miocene (Naef et al., 1985). Thus, gravel accumulations indicate strong uplift of the Black 
Forest-Vosges arch in the Middle Miocene. Several other gravel accumulations occupy various 
altitude levels above the Rhine valley reflecting the uplift history and changes of the drainage 
system (e.g., Naef et al., 1985; Duringer, 1988; Villinger, 1998). However, the dating of these 
gravels is not always exact because the biostratigraphic resolution in terrestrial deposits is low 
and chronometric age determinations are yet missing. Fission-track analysis, for example, could 
provide chronometric age data on cooling, uplift and erosion, and this is the main objective of 
this study.
 The uplift and erosion history derived from gravel accumulations indicate that there 
is an evident time lag between initial graben subsidence (Late Eocene) and strong flank uplift 
(Middle Miocene). For other rift systems it has been shown that strong uplift of rift flanks 
nearly coincides with increased heat flux (e.g., Reading, 1986). This would imply that the 
strong thermal anomaly in the southern URG (e.g., Dèzes et al., 2004) was not related to 
initial graben formation. On the contrary, based on thermal modelling Villemin et al. (1986) 
suggested a two-phase heating, one at 40-30 Ma, contemporaneous to the initial rifting stage, 
and the second at around 10 Ma. The timing of the second phase is definitely uncertain because 
at that time the flanks had already started to rise rapidly. Such problems concerning the relation 
between exhumation and thermal evolution can be addressed by inverse thermal modelling of 
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apatite FT parameters. 
 Some other questions, which can possibly be addressed by an exhaustive FT study, 
are:
• Did the well documented Jurassic hydrothermal activity (Wetzel et al., 2003) affect the 
paleotemperature regime of the crystalline basement?
• Did a thermal anomaly form in relation to the rifting of the URG? If yes, when? In what 
dimension?
• Which were the rates of cooling, uplift and denudation? What was the timing of these 
processes?
Applied methods
The following section briefly reviews the methods applied in this thesis. It is meant to 
give the non-specialists a readily available overview about the methodologies used in order 
that they can follow the details without further reading. For a more detailed description of the 
techniques, the reader is referred to Wagner and van den Haute (1992), Andriessen (1995), 
Gallagher et al. (1998), Gleadow and Brown (2000) and Ketcham et al. (2000).
Fission-track dating
Fission tracks (FT) are linear trails of radiation damage in a crystal lattice produced 
by the spontaneous fission of 232Th, 235U and 238U. They can be observed under an optical 
microscope after enlargement by a chemical etching treatment (Fig. 2). Since the fission half-
lives of the first two isotopes are too long to produce a significant number of tracks, for all 
practical purposes all fission tracks are derived from fission of 238U. The application of FT 
analysis as a geochronological method was introduced in the early 1960s (Price and Walker, 
1962a; 1962b). The principles do not differ from those of other isotopic dating methods. The 
method is based upon the fission decay of an isotope (238U) and the accumulation of “daughters” 
(the fission tracks).
 An apparent age is calculated from the spontaneous track density observed on a 
polished surface. The uranium concentration is measured via a second set of fission tracks 
induced by a thermal neutron irradiation procedure. In terms of the analytical procedure for age 
determination the external detector method is in common usage (see e.g., Gallagher et al., 1998) 
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 are the spontaneous and induced track densities; λ
d
 is the α decay 
constant of 238U; ρ
d
 is the track density in a dosimeter (a glass of known uranium concentration) 
monitoring the neutron flux in the reactor; g represents the geometry factor (1/2 for the external 
detector method); ζ is an individual calibration factor. 
 Usually, a FT age is reported as some kind of average estimate of the individual 
(typically 20) single grain ages. The commonly used central age (Galbraith and Laslett, 1993) 
is basically the weighted mean of the log normal distribution of single grain ages. A useful 
graphical method for assessing the distribution of single grain ages is the radial plot (Fig. 3) 















Fig. 2: Fission tracks in an apatite crystal (after Gleadow and Brown, 2000). a) A polished surface is cut through 
the mineral grain, which intersects a number of spontaneous tracks. b) After chemical etching fission tracks can 
be observed under an optical microscope. Confined fission tracks do not intersect the surface but have been etched 
where they cross another track. They are used for track length measurements.
where σ
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 is some reference age. All data have a 
common normalised error. The plot also includes 
a circular age scale such that the age and the 
error of each crystal may be determined by 
extrapolating a line from the origin through the 
given data point to intercept the age scale (see 
Fig. 3). Thus, the more precise data plot farther 
from the origin allowing for the comparison of 














t = 37 ± 9 Ma
(2s)
Fig. 3: The radial plot as graphical method for 




 As a consequence of the phenomenon of annealing (e.g. Naeser, 1979) a geologic 
meaning can rarely be ascribed to a FT age. Over a wide temperature range, also referred to 
as partial annealing zone (PAZ, e.g. Wagner, 1979), fission tracks progressively shorten and at 
even higher temperatures disappear completely. From this it follows that FT ages are always 
younger than the conventional radiometric ages of the host rocks. This, at first sight, bothering 
characteristic of the annealing process turned out to be the key point that qualifies the FT 
method to become a unique tool for deciphering the thermochronology of rocks. Temperature 
is the most important factor that causes annealing and consequently controls the degree of track 
shortening. As a result, the frequency distribution of track lengths yields significant thermal 
history information, and in practice, from the single grain age and track length data a detailed 
thermal history can be constructed, rather than just dating the timing of cooling below a specific 
closure temperature.
  Different cooling history 
styles give rise to different track 
length distributions and also 
varying FT ages (Fig. 4). Thus, 
the length distribution is essential 
in properly interpreting the 
significance of the related FT age 
(Gleadow and Brown, 2000). 
 FT dating can be applied 
to a number of uranium-bearing 
minerals, but geological materials 
most frequently used are the 
accessory minerals zircon and 
apatite. Because of its well 
established annealing kinetics 
(see below), mainly apatite FT 
length distributions are used as 












































Fig. 4: Three different cooling history styles and associated 
track length distributions (after Gleadow and Brown, 2000). 
a) An example of rapid cooling with a narrow distribution of 
track lengths about a mean value of 15 μm. It results in an 
event age closely approximating the time of major cooling. 
b) Steady moderate cooling resulting in a broader, skewed 
length distribution. The apparent age is younger and does 
not relate to any particular event. c) An example of a two-
stage cooling history with a typical bimodal track length 
distribution leading to a “mixed age without any significance 




Fission tracks form and subsequently anneal as a function of time and temperature, thus 
the set of track lengths measured for a sample provides a continuous record of the temperatures 
it has experienced (Ketcham et al., 2000). Extensive studies of the annealing properties of fission 
tracks in apatite led to a number of numerical models, which characterise FT annealing as a 
function of time and temperature (e.g., Laslett et al., 1987; Carlson, 1990; Crowley et al., 1991; 
Laslett and Galbraith, 1996; Ketcham et al., 1999). They can be used to calculate the FT age and 
length distribution resulting from any given thermal history (Gleadow and Brown, 2000). The 
results of this forward modelling procedure can then be compared to actual observations.
In the inverse modeling approach a range of time-temperature (t-T) paths are determined 
that are consistent with a given set of FT data and other geological constraints (Fig. 5). This is a 
statistical process involving the generation of a large number of candidate t-T paths, evaluation 
of the goodness of fit between model predictions and the measured data, and a method for 
searching among the various acceptable t-T paths for the best-fitting solutions (Ketcham et 
al., 2000). The basic modelling approach is to enter independent constraints on the thermal 
history, i.e. t-T constraints through which the thermal history must pass, and have the numerical 
model find what thermal histories both satisfy the constraints and predict FT parameters that 
adequately fit the measured data.
It should be noted, that regardless of the annealing model and software used, a 




















Fig. 5: Thermal modelling results as generated by the computer program AFTSolve (Ketcham et al., 2000). 
Confidence envelopes bound all “acceptable” (light grey) and “good” (dark grey) fits. K-S test: Kolmogorov-
Smirnov test evaluating the degree of fit between FT length distributions. Age GOF: FT age goodness-of-fit test. 
For more details on the statistical procedures, see Ketcham et al. (2000).
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independent constraints and a thorough geological understanding of the studied region are 
crucial for correctly interpreting the modelling results.
Organization of the thesis
This is a cumulative thesis, consisting of an introduction (Chapter I), three independent 
published papers (Chapters II-IV), and a summary of general conclusions (Chapter V). Chapter 
II focuses on the impact of the Jurassic hydrothermal activity on the interpretation of zircon FT 
data from the southern URG. It quantifies the timing of the observed thermal anomaly and the 
minimum temperature of the circulating hydrothermal fluids. In Chapter III the low-temperature 
thermal history of the flanks of the southern URG is determined by inverse thermal modelling 
of FT parameters. This article also attempts at giving an estimation of the total amount of 
denudation from the flanks of the URG since the Upper Eocene. Chapter IV presents the post-
Variscan thermal history of the crystalline basement of northern Switzerland. 
An appendix includes the raw FT data. With their help all FT analysis and thermal 
modelling results presented in the thesis can be reproduced.
Due to this organization a certain amount of repetition could not be avoided, even though 
each one of the individual units focused either on a different aspect of the thermal evolution 
or on a different part of the southern URG area. The contribution of the coauthors (Chapters 
II-IV) was restricted to careful reviews of earlier versions of the manuscripts and stimulating 
discussions of the results.
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Central age: 87 ± 6 Ma 
Rel. error [%]
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10. 3 ± 0.2
s. d.: 1.8
n: 100
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K-S test:  0.98          
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The Upper Rhine Graben (URG) is part of a complex Cenozoic rift system that is 
located in the foreland of the Alps. The southern end of the URG is flanked by uplifted Variscan 
basement, exposed in the Black Forest and Vosges. The post-Variscan thermal evolution of the 
flanks of the southern URG and the neighbouring crystalline basement of northern Switzerland 
was evaluated by an extensive fission-track (FT) study. 
The impact of the Jurassic hydrothermal activity on the interpretation of zircon FT data 
was elaborated by means of new zircon FT analyses on samples with known U/Pb crystallization 
ages (see Chapter II). FT central ages range from 162 Ma to 247 Ma. The analysed samples 
experienced substantial annealing prior to Cretaceous cooling that cannot be explained by burial 
alone. Instead, annealing is suggested to be associated with Jurassic hydrothermal activity, as 
also evidenced by vein mineralizations. Since samples entered the partial annealing zone (PAZ) 
from the lower temperature boundary and were only partially annealed, it can be presumed 
that a high density of α damage significantly lowered the thermal stability of the zircon fission 
tracks. Thus, it is suggested that circulating hydrothermal fluids with temperatures in the order 
of 200 – 250 °C were sufficient to give rise to the observed thermal anomaly. This has important 
implications for the interpretation of FT data in areas known as having been hydrothermally 
altered in the past. Analysis of FT data using simple assumptions such as a constant 
paleogeothermal gradient leads unavoidably to erroneous conclusions. Thus, interpretation of 
available FT ages from the Black Forest and Vosges as cooling ages is questionable. Particularly 
the gradients of age-elevation profiles do not correspond to input denudation rates.
FT ages of 28 outcrop samples collected along two E-W trending transects from the Black 
Forest and Vosges (Chapter III) cover the whole range of ages found by previous studies. Zircon 
FT central ages vary from 136 Ma to 312 Ma. Apatite FT ages range between 20 Ma and 83 
Ma. Broad and/or bimodal track lengths distributions indicate a complex thermal history, which 
was determined by inverse modelling of FT parameters and tested against the observed dataset 
and independent geological constraints. It provided a comprehensive thermochronological 
record of the study area from the Lower Cretaceous to present, characterised by a compound 
cooling history with a transient heating event in the Upper Eocene. This heating phase is 
contemporaneous to the initial rifting stage of the URG and associated with increased volcanic 
activity.
One open question regarding the regional geology of the URG area is whether Cretaceous 
sediments were deposited and subsequently eroded completely or never existed. Interpreting the 
youngest cluster of zircon FT single-grain ages as dating the passage of a sample through the 
lower limit of the zircon FT PAZ, and interpolating the known Mesozoic sediment thicknesses 
from surrounding regions into the study area, it can be concluded that not even a significant 
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amount (kilometre-scale) of Upper Jurassic to Lower Cretaceous sedimentary sequence would 
have been sufficient to cause the observed very high paleotemperatures. Instead of cooling on 
account of tectonic uplift and denudation, the cessation of the Mesozoic hydrothermal activity 
is suggested as reason for the Cretaceous cooling below the lower limit of the zircon FT PAZ. 
Based on modelling results and on a cautious estimation of the prevailing paleogeothermal 
gradient the total amount of denudation from the flanks of the URG since the Upper Eocene 
could be estimated. It amounts to 1.0 – 1.7 km for a paleogeothermal gradient of 60 °C/km and 
1.3 to 2.2 km for a paleogeothermal gradient of 45 °C/km.
In addition to the samples from the Black Forest and Vosges, FT data from four 
boreholes, which penetrated the pre-Mesozoic basement of the neighbouring area of northern 
Switzerland, were also collected (Chapter IV). Zircon FT central ages and single-grain ages 
cluster around 250 Ma, thus it can be concluded that maximum palaeotemperatures did not 
exceed ~330 °C (i.e. temperatures for complete track loss) after late-Variscan consolidation of 
the crystalline basement. Apatite FT central ages range between 25 Ma and 87 Ma. Confined 
mean track lengths range between 9.3 μm and 11.6 μm suggesting substantial annealing of all 
samples. Inverse modelling techniques have been used to provide quantitative constraints on 
the low-temperature thermochronology of the area that are permitted by the measured data. 
The revealed thermal history is very similar to the one obtained for the southern URG area: 
Cretaceous cooling is followed by an Eocene heating event and subsequent cooling to present-
day temperatures. Apparent differences to earlier FT modelling results can be explained by  the 
different paleogeographic positions of the sample localities. The Eocene heating episode is 
contemporaneous to the initial rifting stage of the nearby URG. Reactivated crustal-scale faults 
of the Permo-Carboniferous Trough of northern Switzerland could have acted as major conduits 
for circulating hydrothermal fluids giving rise to the observed middle to late Eocene thermal 
anomaly.
In general it can be concluded that the southern URG was an area with repeatedly 
changing paleogeothermal gradients, and convective heat transport seems to have played an 
important role throughout its post-Variscan thermotectonic evolution. Thus, the available FT 
ages cannot be interpreted as cooling ages and no denudation rates based an age-elevation 
profiles can be derived. Only the thermal modelling approach can offer a meaningful 










In this appendix the raw FT data are presented, subdivided into three data sets according to 
the three main parts of the thesis.  
 
1. Zircon FT data from the Black Forest and the Vosges with known crystallisation ages 
(„SU“-Samples). 
The interpretation of this data set is presented in Chapter II of the thesis. 
 
Black Forest Sample: SU 94-7 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.3117 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 57 8 9 104.857 14.717 172.01 65.14 135.85 
2 45 6 9 82.781 11.038 180.94 78.82 101.88 
3 30 7 20 24.834 5.795 104.01 43.77 53.49 
4 47 5 24 32.423 3.449 225.98 106.51 31.84 
5 71 5 16 73.469 5.174 338.39 156.89 47.76 
6 63 5 9 115.894 9.198 301.14 140.2 84.9 
7 136 13 24 93.819 8.968 251.01 73.25 82.78 
8 66 7 12 91.06 9.658 226.65 90.35 89.15 
9 82 9 24 56.567 6.209 219.15 77.23 57.31 
10 79 6 9 145.327 11.038 314.35 133.45 101.88 
11 64 7 9 117.734 12.877 219.9 87.79 118.86 
12 87 7 12 120.033 9.658 297.13 117.07 89.15 
13 69 7 10 114.238 11.589 236.77 94.18 106.98 
14 75 11 12 103.477 15.177 164.7 53.4 140.09 
15 78 7 12 107.616 9.658 267.02 105.65 89.15 
16 42 3 12 57.947 4.139 333.74 199.7 38.21 
17 34 3 9 62.546 5.519 271.49 163.71 50.94 
18 58 11 9 106.696 20.235 127.73 42.18 186.79 
 
 
Black Forest Sample: SU 94-8 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.1992 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 45 4 12 62.086 5.519 262.65 137.26 52.31 
2 142 18 30 78.366 9.934 185.29 46.68 94.15 
3 36 5 15 39.735 5.519 169.32 80.97 52.31 
4 30 5 12 41.391 6.898 141.41 68.44 65.38 
5 80 14 12 110.375 19.316 134.74 39.24 183.07 
6 31 5 10 51.325 8.278 146.07 70.53 78.46 
7 33 6 12 45.53 8.278 129.74 57.71 78.46 
8 44 4 9 80.942 7.358 256.92 134.39 69.74 
9 49 3 10 81.126 4.967 377.9 225.04 47.08 
10 45 5 12 62.086 6.898 210.97 99.65 65.38 
83 
Appendix 
11 33 4 12 45.53 5.519 193.65 102.68 52.31 
12 74 4 12 102.097 5.519 426.41 219.25 52.31 
13 41 4 10 67.881 6.623 239.73 125.78 62.77 
14 70 10 12 96.578 13.797 164.68 55.89 130.77 
15 62 13 12 85.541 17.936 112.65 34.53 170 
16 60 5 12 82.781 6.898 279.78 130.49 65.38 
17 31 6 9 57.027 11.038 121.95 54.51 104.61 
18 42 5 12 57.947 6.898 197.11 93.43 65.38 
19 33 4 12 45.53 5.519 193.65 102.68 52.31 
20 44 6 12 60.706 8.278 172.41 75.21 78.46 
 
 
Black Forest Sample: SU 94-9 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.7492 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 33 5 8 68.295 10.348 138.91 66.79 109.85
2 71 6 9 130.611 11.038 246.96 105.25 117.17
3 61 9 12 84.161 12.417 142.61 51.1 131.82
4 51 8 9 93.819 14.717 134.22 51.2 156.23
5 46 6 6 126.932 16.556 161.08 70.08 175.75
6 66 10 12 91.06 13.797 138.91 47.32 146.46
7 32 7 6 88.3 19.316 96.53 40.38 205.05
8 80 13 12 110.375 17.936 129.61 38.95 190.4
9 101 9 9 185.798 16.556 234.44 81.85 175.75
10 42 7 9 77.263 12.877 126.4 51.74 136.7
11 53 8 8 109.685 16.556 139.43 53.05 175.75
12 47 5 8 97.268 10.348 196.94 92.83 109.85
13 83 10 10 137.417 16.556 174.21 58.54 175.75
14 98 9 9 180.28 16.556 227.59 79.56 175.75
15 69 5 16 71.399 5.174 287.1 133.24 54.92
16 49 7 16 50.704 7.243 147.23 59.65 76.89
17 81 15 16 83.816 15.522 113.87 32.19 164.77
18 52 5 9 95.659 9.198 217.55 102.06 97.64
19 76 10 12 104.857 13.797 159.69 53.93 146.46
20 65 9 9 119.573 16.556 151.85 54.19 175.75
 
 
Black Forest Sample: SU 94-12 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.5367 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 70 14 8 144.868 28.974 127.45 37.5 254.18 
2 54 5 9 99.338 9.198 272.2 127.5 80.69 
3 47 7 9 86.461 12.877 170.57 69.29 112.97 
4 67 8 8 138.659 16.556 212.07 79.58 145.25 
5 28 4 6 77.263 11.038 177.73 95.15 96.83 
6 53 4 8 109.685 8.278 332.38 172.63 72.62 
7 52 4 6 143.488 11.038 326.27 169.57 96.83 
8 51 7 6 140.728 19.316 184.88 74.72 169.45 





Black Forest Sample: SU 95-1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.4679 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 104 11 15 114.79 12.141 183.42 58.41 139.34 
2 72 8 12 99.338 11.038 174.72 65.32 126.67 
3 104 6 16 107.616 6.209 332.38 139.9 71.25 
4 63 10 12 86.921 13.797 122.8 41.96 158.34 
5 63 6 8 130.381 12.417 203.38 87.1 142.51 
6 95 14 16 98.303 14.487 132.17 38.04 166.26 
7 45 5 8 93.129 10.348 174.72 82.53 118.76 
8 67 9 12 92.439 12.417 144.86 51.61 142.51 
9 53 5 12 73.124 6.898 205.29 96.23 79.17 
10 69 5 12 95.199 6.898 266 123.45 79.17 
11 55 9 15 60.706 9.934 119.15 42.99 114.01 
12 56 4 12 77.263 5.519 269.78 139.85 63.34 
13 49 6 9 90.14 11.038 158.74 68.82 126.67 
14 51 9 12 70.364 12.417 110.56 40.11 142.51 
15 48 4 9 88.3 7.358 231.92 120.89 84.45 
16 66 5 9 121.413 9.198 254.66 118.36 105.56 
17 78 10 12 107.616 13.797 151.69 51.15 158.34 
18 76 11 16 78.642 11.382 134.55 43.59 130.63 
19 55 5 16 56.912 5.174 212.91 99.65 59.38 
20 61 6 12 84.161 8.278 197.02 84.5 95.01 
 
 
Black Forest Sample: SU 96-6 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.4635 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 50 6 9 91.979 11.038 161.73 70.04 126.84 
2 59 8 8 122.103 16.556 143.34 54.17 190.25 
3 198 14 25 131.126 9.272 272.13 75.69 106.54 
4 70 9 12 96.578 12.417 151.08 53.68 142.69 
5 62 8 12 85.541 11.038 150.54 56.73 126.84 
6 31 3 6 85.541 8.278 199.95 121.05 95.13 
7 55 5 6 151.766 13.797 212.64 99.52 158.54 
8 99 11 12 136.589 15.177 174.5 55.7 174.4 
9 34 4 4 140.728 16.556 164.93 87.32 190.25 
10 83 5 10 137.417 8.278 318.26 146.86 95.13 
11 62 6 8 128.311 12.417 199.95 85.69 142.69 
12 40 3 4 165.563 12.417 256.86 153.95 142.69 
13 74 10 9 136.13 18.396 143.82 48.64 211.39 
14 60 9 6 165.563 24.834 129.71 46.52 285.38 
15 82 7 15 90.508 7.726 226.21 89.33 88.78 
 
 
Black Forest Sample: SU 96-7 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.6367 Dosimeter glass: CN1 
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Grid unit: 60.4 µm2 Nd: 1590      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 50 3 10 82.781 4.967 335.08 199.43 54.36 
2 36 7 12 49.669 9.658 105.27 43.6 105.7 
3 43 6 12 59.327 8.278 146.22 63.87 90.6 
4 75 9 12 103.477 12.417 169.72 60.08 135.89 
5 61 6 12 84.161 8.278 206.46 88.55 90.6 
6 61 5 12 84.161 6.898 246.97 115.12 75.5 
7 65 7 10 107.616 11.589 188.83 75.33 126.83 
8 55 5 12 75.883 6.898 223.1 104.42 75.5 
9 107 12 12 147.627 16.556 181.43 55.5 181.19 
10 64 8 12 88.3 11.038 163.01 61.32 120.79 
11 82 5 12 113.135 6.898 329.85 152.26 75.5 
12 64 10 12 88.3 13.797 130.74 44.62 150.99 
13 99 11 10 163.907 18.212 183.1 58.45 199.31 
14 69 5 12 95.199 6.898 278.67 129.33 75.5 
15 75 6 12 103.477 8.278 252.93 107.57 90.6 
16 100 8 12 137.969 11.038 252.93 93.23 120.79 
17 28 3 9 51.508 5.519 189.79 115.43 60.4 
18 75 7 12 103.477 9.658 217.4 86.16 105.7 
19 57 4 8 117.964 8.278 287.56 148.98 90.6 
20 49 6 12 67.605 8.278 166.37 72.13 90.6 
 
Vosges Sample: SU 93-7 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.3982 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 125 11 12 172.461 15.177 215.48 68.07 177.75 
2 75 8 6 206.954 22.075 178.29 66.52 258.54 
3 90 7 8 186.258 14.487 243.28 95.73 169.67 
4 74 9 9 136.13 16.556 156.63 55.49 193.91 
5 62 6 8 128.311 12.417 196.24 84.1 145.43 
6 73 5 6 201.435 13.797 275.56 127.64 161.59 
7 42 4 8 86.921 8.278 199.36 104.48 96.95 
8 43 5 6 118.653 13.797 163.74 77.52 161.59 
9 79 7 8 163.493 14.487 214.03 84.64 169.67 
10 89 11 8 184.189 22.765 154.16 49.48 266.62 
11 77 7 9 141.648 12.877 208.7 82.62 150.82 
12 107 10 9 196.836 18.396 203.1 67.43 215.45 
 
 
Vosges Sample: SU 93-11 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.9179 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 31 3 9 57.027 5.519 225.73 136.65 56.06 
2 58 4 12 80.022 5.519 314.56 162.88 56.06 
3 24 4 9 44.15 7.358 132.03 71.41 74.75 
4 63 6 12 86.921 8.278 229.31 98.21 84.09 
5 32 3 9 58.867 5.519 232.88 140.79 56.06 
6 38 5 12 52.428 6.898 166.79 79.5 70.08 
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7 40 6 12 55.188 8.278 146.54 64.3 84.09 
8 50 6 9 91.979 11.038 182.66 79.1 112.12 
9 56 3 9 103.017 5.519 402.19 238.64 56.06 
10 63 6 12 86.921 8.278 229.31 98.21 84.09 
11 54 4 12 74.503 5.519 293.36 152.26 56.06 
12 42 4 9 77.263 7.358 229.31 120.18 74.75 
13 33 2 9 60.706 3.679 356.77 260.02 37.37 
14 33 3 9 60.706 5.519 240.03 144.92 56.06 
15 71 8 12 97.958 11.038 194.35 72.71 112.12 
16 41 3 9 75.423 5.519 296.9 177.79 56.06 
17 40 8 12 55.188 11.038 110.21 42.81 112.12 
18 89 9 25 58.94 5.96 216.19 75.89 60.55 
19 75 8 16 77.608 8.278 205.13 76.54 84.09 
20 60 4 12 82.781 5.519 325.14 168.18 56.06 
 
 
Vosges Sample: SU 93-12 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.4804 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 95 10 9 174.761 18.396 237.11 79.14 163.41 
2 80 5 6 220.751 13.797 394.47 182.22 122.56 
3 115 16 9 211.553 29.433 180.19 48.38 261.46 
4 87 11 9 160.044 20.235 198.01 63.64 179.75 
5 137 12 12 189.018 16.556 283.91 85.89 147.07 
6 76 10 6 209.713 27.594 190.38 64.29 245.12 
7 99 9 8 204.884 18.626 273.77 95.66 165.46 
8 56 7 6 154.525 19.316 200.25 80.5 171.58 
9 154 14 18 141.648 12.877 273.77 76.85 114.39 
10 102 9 9 187.638 16.556 281.89 98.38 147.07 
11 67 7 9 123.252 12.877 238.86 95.15 114.39 
12 71 8 9 130.611 14.717 221.78 82.97 130.73 
13 97 6 10 160.596 9.934 398.45 168.04 88.24 
14 114 9 9 209.713 16.556 314.25 109.21 147.07 
15 113 11 10 187.086 18.212 256.02 81.22 161.78 
16 122 17 12 168.322 23.455 179.92 46.88 208.35 
17 82 7 8 169.702 14.487 291.15 114.97 128.69 
18 83 8 9 152.686 14.717 258.52 96.01 130.73 
19 120 13 12 165.563 17.936 230.51 67.65 159.33 
20 89 10 12 122.792 13.797 222.39 74.47 122.56 
 
 
Vosges Sample: SU 94-3 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.7901 Dosimeter glass: CN1 
Grid unit: 60.4 
µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 87 14 16 90.025 14.487 132.28 38.29 152.13 





Vosges Sample: SU 94-5 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.8054 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos σ Rhoi Age [Ma] U [ppm] 
1 97 7 18 89.22 6.439 292.49 114.8 67.34 
2 56 4 9 103.017 7.358 295.44 153.15 76.96 
3 36 4 9 66.225 7.358 191.47 101.07 76.96 
4 54 8 16 55.877 8.278 144.13 54.77 86.58 
5 26 2 8 53.808 4.139 274.78 201.8 43.29 
6 78 6 9 143.488 11.038 274.78 116.7 115.44 
7 27 4 8 55.877 8.278 144.13 77.34 86.58 
8 71 7 10 117.55 11.589 215.38 85.57 121.21 
9 48 4 9 88.3 7.358 254.05 132.43 76.96 
10 47 4 8 97.268 8.278 248.86 129.83 86.58 
 
 
Vosges Sample: SU 95-5 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.8179 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 62 5 9 114.054 9.198 330.39 153.91 75.98 
2 31 6 6 85.541 16.556 139.73 62.46 136.77 
3 103 18 9 189.478 33.113 154.57 39.75 273.54 
4 34 11 8 70.364 22.765 83.95 29.23 188.06 
5 70 13 9 128.771 23.915 145.56 44.17 197.56 
6 56 4 8 115.894 8.278 371.82 192.75 68.38 
7 80 19 9 147.167 34.952 114.1 29.31 288.74 
8 58 10 8 120.033 20.695 156.65 53.84 170.96 
9 46 8 6 126.932 22.075 155.31 59.67 182.36 
10 84 16 12 115.894 22.075 141.96 38.95 182.36 
11 52 12 12 71.744 16.556 117.39 37.76 136.77 
12 65 9 9 119.573 16.556 194.49 69.41 136.77 
13 65 10 10 107.616 16.556 175.3 59.77 136.77 
14 54 4 6 149.007 11.038 358.9 186.28 91.18 
15 52 5 9 95.659 9.198 278.24 130.54 75.98 
16 62 11 8 128.311 22.765 152.28 50.03 188.06 
 
 
Vosges Sample: SU 95-15 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.7054 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst σ Ni Area Rhos Rhoi Age [Ma]Ns U [ppm] 
1 73 12 12 100.717 16.556 160.42 50.2 140.04 
2 112 12 15 123.62 13.245 244.51 74.62 112.03 
3 133 19 14 157.285 22.469 184.25 45.52 190.05 
4 82 8 12 113.135 11.038 268.03 99.6 93.36 
5 74 8 12 102.097 11.038 242.37 90.49 93.36 
6 50 5 12 68.985 6.898 261.63 122.96 58.35 
7 87 11 12 120.033 15.177 207.79 66.78 128.37 
8 87 12 12 120.033 16.556 190.73 59.01 140.04 
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9 57 7 12 78.642 9.658 213.83 85.88 81.69 
10 80 11 12 110.375 15.177 191.32 61.78 128.37 
11 66 8 12 91.06 11.038 216.6 81.34 93.36 
12 45 5 12 62.086 6.898 235.94 111.44 58.35 
13 87 7 12 120.033 9.658 323.59 127.49 81.69 
14 86 12 12 118.653 16.556 188.57 58.38 140.04 
15 67 5 12 92.439 6.898 348.21 161.76 58.35 
16 70 10 12 96.578 13.797 184.25 62.53 116.7 
17 76 9 12 104.857 12.417 221.62 78.4 105.03 
18 77 7 12 106.236 9.658 287.21 113.7 81.69 
19 73 13 12 100.717 17.936 148.22 44.83 151.71 
20 74 7 12 102.097 9.658 276.26 109.55 81.69 
 
 
Vosges Sample: SU 95-17 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.6595 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 147 18 25 97.351 11.921 167.4 42.09 129.65 
2 186 25 24 128.311 17.246 152.68 32.83 187.57 
3 75 7 12 103.477 9.658 218.74 86.69 105.04 
4 156 26 25 103.311 17.219 123.41 26.39 187.27 
5 66 11 12 91.06 15.177 123.41 40.36 165.06 
6 128 12 16 132.45 12.417 217.78 66.06 135.05 
7 84 13 12 115.894 17.936 132.8 39.77 195.07 
8 107 10 10 177.152 16.556 218.45 72.52 180.06 
9 102 12 15 112.583 13.245 174.14 53.39 144.05 
10 123 17 16 127.276 17.591 148.52 38.68 191.32 
11 122 10 16 126.242 10.348 248.49 82.07 112.54 
12 115 15 16 118.998 15.522 157.27 43.42 168.81 
13 76 6 12 104.857 8.278 257.81 109.59 90.03 
14 88 8 12 121.413 11.038 224.47 83.16 120.04 
15 143 11 16 147.972 11.382 264.46 83.12 123.79 
16 168 13 16 173.841 13.452 262.92 76.09 146.3 
17 75 8 9 137.969 14.717 191.8 71.56 160.06 
18 105 14 16 108.651 14.487 153.89 44.02 157.56 
19 65 7 9 119.573 12.877 190 75.79 140.05 
20 110 17 16 113.825 17.591 132.99 34.88 191.32 
 
 
Vosges Sample: SU 95-18 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.8554 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 55 7 9 101.177 12.877 169.64 68.26 132.93 
2 138 23 30 76.159 12.693 129.95 29.52 131.03 
3 99 10 15 109.272 11.038 213.03 70.97 113.94 
4 84 12 14 99.338 14.191 151.35 46.92 146.5 
5 73 7 12 100.717 9.658 224.21 88.96 99.7 
6 47 5 8 97.268 10.348 202.44 95.41 106.82 
7 78 10 20 64.57 8.278 168.42 56.79 85.46 
8 124 18 25 82.119 11.921 148.98 37.83 123.06 
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9 109 12 18 100.258 11.038 195.72 59.81 113.94 
10 92 12 12 126.932 16.556 165.58 51.06 170.91 
11 103 10 16 106.581 10.348 221.49 73.65 106.82 
12 48 6 9 88.3 11.038 172.69 74.95 113.94 
13 95 9 9 174.761 16.556 226.89 79.41 170.91 
14 165 11 20 136.589 9.106 320.08 100.12 94 
15 157 15 16 162.459 15.522 225.01 61.17 160.23 
16 46 4 9 84.621 7.358 246.81 128.86 75.96 
17 61 6 12 84.161 8.278 218.67 93.78 85.46 
18 78 9 16 80.712 9.313 186.87 66.02 96.14 
19 193 15 36 88.76 6.898 275.52 74.3 71.21 
20 62 5 12 85.541 6.898 265.73 123.79 71.21 
 
 
Vosges Sample: SU 95-1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.6292 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 175 28 25 115.894 18.543 127.44 26.21 203.35 
2 202 21 20 167.219 17.384 195.11 45.11 190.64 
3 118 18 15 130.243 19.868 133.61 34.04 217.88 
4 133 10 16 137.624 10.348 268.24 88.32 113.48 
5 158 13 16 163.493 13.452 245.56 71.23 147.52 
6 150 18 15 165.563 19.868 169.37 42.55 217.88 
7 172 13 20 142.384 10.762 266.87 77.17 118.02 
8 197 19 18 181.199 17.476 210.07 50.85 191.65 
9 120 10 16 124.172 10.348 242.51 80.14 113.48 
10 139 20 16 143.833 20.695 141.56 34.11 226.96 
11 163 16 16 168.667 16.556 206.46 54.43 181.57 
12 159 12 16 164.528 12.417 267.25 80.4 136.17 
13 155 19 16 160.389 19.661 165.85 40.61 215.61 
14 148 17 16 153.146 17.591 176.84 45.59 192.91 
15 150 12 16 155.215 12.417 252.42 76.09 136.17 
16 169 18 16 174.876 18.626 190.51 47.57 204.26 
17 206 12 16 213.162 12.417 344.18 102.72 136.17 
18 140 19 16 144.868 19.661 149.99 36.94 215.61 
19 102 10 16 105.546 10.348 206.71 68.77 113.48 
 
 
Vosges Sample: SU 95-20 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.3329 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 68 10 6 187.638 27.594 127.34 43.29 329.51 
2 199 18 25 131.788 11.921 205.77 51.01 142.35 
 
 
Vosges Sample: SU 96-1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.5289 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
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Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 74 7 8 153.146 14.487 208.29 82.6 163.39 
2 122 17 8 252.483 35.182 142.13 37.03 396.79 
3 34 5 4 140.728 20.695 134.75 64.66 233.41 
4 35 3 6 96.578 8.278 229.49 138.22 93.36 
5 104 13 12 143.488 17.936 158.24 46.78 202.29 
6 76 10 9 139.809 18.396 150.42 50.79 207.47 
7 148 14 16 153.146 14.487 208.29 58.57 163.39 
8 46 5 6 126.932 13.797 181.64 85.7 155.61 
9 94 9 8 194.536 18.626 205.83 72.08 210.07 
 
 
Vosges Sample: SU 96-2 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-17 Rhod: 3.7248 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1605           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 93 8 12 128.311 11.038 241.14 89.13 117.94 
2 111 12 10 183.775 19.868 192.61 58.81 212.29 
3 95 12 9 174.761 22.075 165.19 50.85 235.87 
4 77 10 9 141.648 18.396 160.73 54.24 196.56 
5 165 13 25 109.272 8.609 262.84 76.11 91.99 
6 41 7 9 75.423 12.877 122.63 50.28 137.59 
7 84 6 12 115.894 8.278 289.32 122.56 88.45 
8 111 16 12 153.146 22.075 144.99 39.01 235.87 
9 109 8 9 200.515 14.717 281.74 103.54 157.25 
10 78 7 12 107.616 9.658 231.32 91.53 103.2 
11 180 18 15 198.675 19.868 207.97 51.78 212.29 
12 70 6 12 96.578 8.278 241.99 103.19 88.45 
13 108 10 12 149.007 13.797 224.32 74.45 147.42 
14 139 15 16 143.833 15.522 192.95 52.75 165.85 
15 86 9 12 118.653 12.417 198.87 69.92 132.68 
16 135 12 12 186.258 16.556 233.5 70.68 176.91 
17 58 5 10 96.026 8.278 240.63 112.38 88.45 
18 174 14 24 120.033 9.658 257.48 71.93 103.2 
 
 
Vosges Sample: SU 96-4 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.4804 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 29 5 6 80.022 13.797 145.8 70.73 122.56 
2 40 8 6 110.375 22.075 125.88 48.9 196.1 
3 74 5 12 102.097 6.898 365.7 169.33 61.28 
4 52 4 8 107.616 8.278 322.32 167.52 73.54 
5 90 6 12 124.172 8.278 370.51 156.61 73.54 
6 44 9 8 91.06 18.626 123.11 45.19 165.46 
7 69 4 9 126.932 7.358 424.29 218.57 65.37 
8 56 5 9 103.017 9.198 278.64 130.32 81.71 
9 76 11 18 69.904 10.118 173.31 56.14 89.88 
10 78 7 9 143.488 12.877 277.25 109.7 114.39 
11 83 14 9 152.686 25.754 148.99 43.27 228.78 
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12 96 8 9 176.6 14.717 298.09 110.05 130.73 
13 78 7 9 143.488 12.877 277.25 109.7 114.39 
14 49 5 9 90.14 9.198 244.46 115 81.71 
15 88 8 12 121.413 11.038 273.77 101.42 98.05 
16 91 9 12 125.552 12.417 252.07 88.4 110.3 
17 136 14 16 140.728 14.487 242.36 68.41 128.69 
18 105 12 21 82.781 9.461 218.71 66.96 84.04 
19 170 11 28 100.52 6.504 381.41 119.2 57.78 
 
 
Vosges Sample: SU 96-5 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 4.8742 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 56 8 12 77.263 11.038 190.76 72.32 90.13 
2 59 11 10 97.682 18.212 146.67 48.37 148.71 
3 34 5 8 70.364 10.348 185.39 88.97 84.49 
4 76 8 10 125.828 13.245 257.54 96.03 108.15 
5 59 8 10 97.682 13.245 200.82 75.9 108.15 
6 77 12 12 106.236 16.556 175.08 54.58 135.19 
7 45 6 10 74.503 9.934 204.17 88.94 81.11 
8 32 4 12 44.15 5.519 217.56 115.56 45.06 
9 58 6 12 80.022 8.278 261.97 112.61 67.59 
10 21 5 12 28.974 6.898 115.13 57.39 56.33 
11 30 4 8 62.086 8.278 204.17 108.85 67.59 
12 59 8 12 81.402 11.038 200.82 75.9 90.13 
13 30 3 9 55.188 5.519 270.82 164.18 45.06 
14 35 5 10 57.947 8.278 190.76 91.38 67.59 
15 43 5 10 71.192 8.278 233.58 110.58 67.59 
16 47 7 8 97.268 14.487 183.08 74.37 118.29 
17 35 4 8 72.434 8.278 237.58 125.59 67.59 
18 62 6 9 114.054 11.038 279.65 119.85 90.13 
19 41 5 8 84.851 10.348 222.9 105.8 84.49 
20 36 10 12 49.669 13.797 98.81 35.44 112.66 
 
 
Vosges Sample: SU 97-2 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code : BS-12 Rhod: 3.8617 Dosimeter glass: CN1 
Grid unit: 60.4 µm2 Nd: 1590           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 41 4 8 84.851 8.278 220.79 115.84 85.32 
2 36 3 12 49.669 4.139 257.74 155.07 42.66 
3 52 4 12 71.744 5.519 278.76 144.88 56.88 
4 51 11 12 70.364 15.177 100.81 33.65 156.42 
5 28 3 9 51.508 5.519 201.35 122.46 56.88 
6 48 5 9 88.3 9.198 207.01 97.47 94.8 
7 49 6 9 90.14 11.038 176.52 76.53 113.76 
8 29 3 12 40.011 4.139 208.42 126.55 42.66 
9 51 7 8 105.546 14.487 157.71 63.74 149.31 
10 40 3 9 73.584 5.519 285.75 171.26 56.88 
11 39 3 12 53.808 4.139 278.76 167.22 42.66 
12 68 8 10 112.583 13.245 183.62 68.85 136.51 
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13 74 8 9 136.13 14.717 199.58 74.51 151.68 
14 48 3 12 66.225 4.139 341.41 203.43 42.66 
15 53 6 9 97.498 11.038 190.72 82.34 113.76 
16 51 9 12 70.364 12.417 122.99 44.62 127.98 
17 65 8 12 89.68 11.038 175.63 66.01 113.76 
18 34 3 9 62.546 5.519 243.69 146.95 56.88 
19 60 6 9 110.375 11.038 215.49 92.49 113.76 




2. Zircon and apatite FT data from outcrop samples collected along two EW transects 
in the Black Forest and the Vosges  
The interpretation of the data is given in Chapter III of the thesis. 
 
Black Forest Sample: ZTG-0-06 
ζ = 345.69 ± 8.75 Dated mineral: apatite  
Irrad. code: BS-19 Rhod: 8.1934 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 15 55 25 9.519 34.904 38.51 11.28 51.84 
2 56 124 42 21.154 46.841 63.64 10.43 69.57 
3 8 47 16 7.933 46.605 24.06 9.23 69.22 
4 61 161 50 19.356 51.087 53.43 8.2 75.88 
5 26 93 36 11.458 40.986 39.47 8.84 60.88 
6 25 52 28 14.166 29.464 67.73 16.61 43.76 
7 34 88 21 25.687 66.484 54.49 11.13 98.75 
8 15 25 16 14.874 24.79 84.42 27.69 36.82 
9 60 136 42 22.665 51.374 62.18 9.82 76.31 
10 10 11 16 9.916 10.908 127.48 55.83 16.2 
11 39 76 20 30.938 60.289 72.27 14.4 89.55 
12 17 120 36 7.492 52.885 20.03 5.23 78.55 
13 108 332 60 28.558 87.789 45.9 5.27 130.4 
14 36 63 32 17.849 31.235 80.42 16.98 46.39 
15 25 104 50 7.933 33 33.95 7.63 49.02 
16 44 82 36 19.391 36.138 75.55 14.3 53.68 
17 44 103 36 19.391 45.393 60.22 11 67.42 
18 56 127 49 18.132 41.121 62.15 10.15 61.08 
19 78 144 36 34.375 63.462 76.26 10.97 94.26 
20 30 141 36 13.221 62.14 30.06 6.11 92.3 
 
  
Confined track lengths: 
 
9.0687  8.7403  12.3019  10.3503  14.6454 
14.1041  11.8933  14.197  9.9958  9.0332 
9.6906    12.6798  6.4961  6.785  11.1477 
9.3647  11.4515  11.775  13.2192  4.7144 
10.0748  11.874  8.6834  13.6023  11.5074 
12.2904  13.4263  13.3648  6.7906  15.4984 
9.3243  14.4737  14.6885  12.5014  14.4081 
13.3443  13.0576  9.5047  11.094  13.6798 
15.3314  14.5063  9.9958  12.7873  11.1035 
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11.1178  10.4284  11.6786  9.3473  11.9643 
12.6358  10.43  9.774  13.5842  14.9675 
12.1187  10.5001  6.0787  14.1224  9.7518 
10.4616  9.3311  12.6298  8.9226  12.3618 
6.637  7.1659  12.5398  13.6741  13.0698 
5.032  11.6817  12.2556  10.5524  7.9247 
9.851  12.1543  10.9184  9.8027  12.0149 
12.6612  13.2506  14.5283  13.8333 
 10.5418 
8.8177  8.9408  10.179  9.6291  10.6954 
13.5324  10.6439  13.8934  9.5789  12.6044 
9.5688  13.6148  9.445  12.1397  11.2293 
 
 
Black Forest Sample: ZTG-0-07 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-19 Rhod: 8.8388 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 21 28 25 13.327 17.769 113.57 32.97 24.47 
2 4 12 16 3.966 11.899 50.72 29.33 16.38 
3 8 29 25 5.077 18.404 42.01 16.82 25.34 
4 9 18 25 5.712 11.423 75.94 31.09 15.73 
5 12 82 25 7.615 52.039 22.32 6.93 71.65 
6 8 50 36 3.526 22.035 24.4 9.32 30.34 
7 10 31 24 6.611 20.493 49.09 17.92 28.22 
8 16 47 60 4.231 12.428 51.8 15.08 17.11 
9 5 21 16 4.958 20.823 36.27 18.08 28.67 
10 3 17 25 1.904 10.789 26.9 16.87 14.85 
11 8 20 25 5.077 12.692 60.82 25.51 17.48 
12 33 81 60 8.726 21.418 61.94 12.93 29.49 
13 13 20 25 8.25 12.692 98.55 35.24 17.48 
14 12 67 50 3.808 21.26 27.3 8.6 29.27 
15 11 42 30 5.817 22.212 39.89 13.56 30.58 
16 50 112 60 13.221 29.616 67.84 11.72 40.78 
17 33 95 80 6.545 18.84 52.85 10.8 25.94 
18 17 42 36 7.492 18.51 61.54 17.79 25.49 
19 24 48 60 6.346 12.692 75.94 19.12 17.48 
20 12 24 50 3.808 7.615 75.94 26.95 10.49 
 










































































































Black Forest Sample: ZTG-0-08 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-19 Rhod: 7.548 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 22 29 24 14.543 19.171 98.22 27.93 30.91 
2 15 25 25 9.519 15.865 77.81 25.52 25.58 
3 20 47 36 8.814 20.713 55.28 14.85 33.4 
4 36 50 28 20.398 28.331 93.26 20.58 45.68 
5 18 23 24 11.899 15.204 101.3 32.03 24.51 
6 37 59 24 24.459 39.003 81.3 17.23 62.89 
7 66 105 48 21.815 34.706 81.49 13.04 55.96 
8 98 142 100 15.548 22.529 89.42 12.05 36.32 
9 46 78 100 7.298 12.375 76.48 14.41 19.95 
10 48 100 80 9.519 19.832 62.32 11.11 31.98 
11 11 37 25 6.981 23.481 38.67 13.33 37.86 
12 85 151 100 13.486 23.957 73.02 10.15 38.63 
13 42 59 70 9.519 13.372 92.21 18.82 21.56 
14 24 44 36 10.577 19.391 70.77 18.09 31.27 
15 16 18 16 15.865 17.849 114.94 39.64 28.78 
16 36 36 36 15.865 15.865 129.16 30.69 25.58 
17 30 51 49 9.714 16.513 76.29 17.71 26.62 
18 16 43 40 6.346 17.055 48.36 14.24 27.5 
19 48 76 70 10.879 17.225 81.88 15.3 27.77 
20 113 156 64 28.012 38.672 93.82 11.93 62.35 
 










































































































Black Forest Sample: ZTG-0-09 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-19 Rhod: 9.1615 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 23 11 16 22.807 10.908 322.88 118.77 14.49 
2 10 17 25 6.346 10.789 92.48 36.96 14.33 
3 19 26 50 6.029 8.25 114.69 34.79 10.96 
4 13 12 25 8.25 7.615 169.31 67.97 10.12 
5 11 15 36 4.848 6.611 115.09 45.82 8.78 
6 13 13 36 5.729 5.729 156.44 61.54 7.61 
7 13 9 30 6.875 4.76 224.77 97.7 6.32 
8 5 13 25 3.173 8.25 60.62 31.95 10.96 
9 8 16 36 3.526 7.051 78.69 34.16 9.37 
10 135 434 100 21.418 68.856 49.07 5.06 91.47 
11 9 25 49 2.914 8.095 56.76 22.13 10.75 
12 3 20 36 1.322 8.814 23.71 14.7 11.71 
13 4 17 36 1.763 7.492 37.15 20.68 9.95 
14 6 8 50 1.904 2.538 117.68 63.66 3.37 
15 6 30 80 1.19 5.95 31.59 14.16 7.9 
16 14 24 49 4.533 7.771 91.72 30.97 10.32 
17 7 22 36 3.085 9.696 50.19 21.83 12.88 
18 15 28 24 9.916 18.51 84.28 27.09 24.59 
19 20 36 80 3.966 7.139 87.38 24.51 9.48 
20 11 55 100 1.745 8.726 31.59 10.48 11.59 
 










































































































Black Forest Sample: ZTG-0-13 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 7.0148 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 30 94 60 7.933 24.856 38.58 8.18 43.12 
2 37 77 80 7.338 15.271 58 11.74 26.49 
3 24 50 80 4.76 9.916 57.94 14.5 17.2 
4 3 7 24 1.983 4.627 51.75 35.75 8.03 
5 52 92 100 8.25 14.596 68.17 12.01 25.32 
6 37 81 49 11.98 26.227 55.15 11.07 45.5 
7 11 31 24 7.272 20.493 42.88 15.11 35.55 
8 19 35 70 4.306 7.933 65.49 18.77 13.76 
9 39 71 60 10.313 18.774 66.26 13.36 32.57 
10 64 130 80 12.692 25.781 59.42 9.26 44.73 
11 38 75 80 7.536 14.874 61.14 12.32 25.8 
12 15 26 50 4.76 8.25 69.57 22.66 14.31 
13 16 27 25 10.154 17.135 71.45 22.65 29.73 
14 11 15 40 4.363 5.95 88.31 35.16 10.32 
15 13 18 25 8.25 11.423 86.98 31.77 19.82 
16 42 64 100 6.663 10.154 79.08 15.89 17.62 
17 76 118 100 12.058 18.721 77.62 11.67 32.48 
18 34 81 100 5.394 12.851 50.69 10.48 22.3 
19 104 222 50 33 70.443 56.55 6.94 122.21 
20 39 94 100 6.188 14.914 50.11 9.67 25.87 
 








































































































Black Forest Sample: ZTG-0-14 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 9.064 Dosimeter glass: CN5 
97 
Appendix 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 11 49 50 3.49 15.548 35.07 11.75 20.88 
2 18 71 25 11.423 45.058 39.6 10.52 60.5 
3 69 333 100 10.947 52.832 32.38 4.4 70.94 

















5 21 159 60 5.553 42.043 20.66 56.45 
6 26 73 36 11.458 32.172 55.56 43.2 
7 21 64 60 5.553 16.923 51.2 22.72 
8 14 65 60 3.702 17.188 33.66 23.08 
9 11 26 20 8.726 20.625 65.94 27.69 
10 14 33 18 12.34 29.087 66.12 39.05 
11 6 27 25 3.808 17.135 34.72 23.01 
12 13 34 25 8.25 21.577 59.63 28.97 
13 36 88 50 11.423 27.923 63.77 37.49 
14 10 61 40 3.966 24.195 25.63 32.49 
15 36 145 50 11.423 46.01 38.78 61.78 
16 22 55 49 7.123 17.808 62.36 23.91 
17 43 156 42 16.243 58.929 43.04 79.12 
18 37 81 20 29.351 64.255 71.17 14.29 86.27 
19 36 181 60 9.519 47.861 31.09 64.26 
20 6 37 36 2.644 16.306 25.36 21.89 
 



















































Black Forest Sample: ZTG-0-15 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 
 
U [ppm] 
Rhod: 10.0885 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215     
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ 
1 31 106 40 12.296 42.043 50.8 10.49 50.72 










3 64 308 100 10.154 48.866 36.13 5.09 
4 12 47 25 7.615 29.827 44.37 14.42 
5 7 43 20 5.553 34.111 28.32 11.58 
6 53 165 70 12.012 37.397 55.77 8.97 
7 10 60 24 6.611 39.664 29 9.94 
8 21 76 36 9.255 33.494 48 11.93 40.4 
9 96 372 70 21.758 84.314 44.84 5.32 
10 23 55 36 10.136 24.239 72.51 18.14 
11 8 37 36 3.526 16.306 37.59 14.7 
12 14 54 25 8.885 34.269 45.05 13.58 
98 
Appendix 
13 10 29 25 6.346 18.404 59.85 22.03 22.2 
48.23 
71.96 
14 19 63 25 12.058 39.981 52.38 13.8 
15 124 376 100 19.673 59.654 57.25 6.19 
16 42 122 60 11.106 32.26 59.75 10.85 38.92 
17 51 159 50 16.183 50.452 55.69 9.13 60.86 
18 40 130 36 17.628 57.292 53.43 9.8 69.11 
19 26 52 25 16.5 33 86.6 20.97 39.81 
20 43 91 36 18.95 40.104 81.87 15.36 48.38 
 










































































































ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 6.6733 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 58 114 25 36.808 72.347 58.42 9.59 131.94 
2 171 334 100 27.13 52.991 58.78 5.82 96.64 
3 40 86 36 17.628 37.901 53.43 10.36 69.12 
4 63 160 60 16.659 42.308 45.26 6.87 77.16 
5 26 94 36 11.458 41.426 
65.048 
31.83 7.12 75.55 
6 111 328 80 22.013 38.92 4.44 118.63 
7 58 122 100 9.202 19.356 54.6 8.87 35.3 
8 80 221 40 31.731 87.657 41.62 5.58 159.86 
9 42 110 49 13.599 35.616 43.89 8.08 64.95 
10 79 191 36 34.816 84.175 47.53 6.53 153.51 
11 27 82 40 10.709 32.524 37.87 8.48 59.31 
12 62 147 36 27.324 64.784 48.47 7.49 118.15 
13 52 129 36 22.917 56.851 46.33 7.74 103.68 
14 25 87 25 15.865 55.212 33.06 7.57 100.69 
15 41 92 50 13.01 29.192 51.2 9.74 53.24 
16 87 152 50 27.606 48.231 65.68 9.06 87.96 
99 
Appendix 
17 48 165 36 21.154 72.717 33.47 5.58 132.61 
18 29 44 25 18.404 27.923 75.58 18.23 50.92 
19 112 396 100 17.769 62.827 32.54 3.62 114.58 
20 40 97 36 17.628 42.749 47.39 9.02 77.96 








































































































Black Forest Sample: ZTG-0-17 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 10.43 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 25 65 12 33.053 85.938 68.97 16.37 100.27 
2 30 89 12 39.664 117.669 60.48 12.9 137.3 
3 99 230 36 43.63 101.363 77.13 9.57 118.27 
4 13 60 24 8.594 39.664 38.94 11.97 46.28 
5 12 43 15 12.692 45.481 50.11 16.43 53.07 
6 95 244 25 60.289 154.847 69.81 8.71 180.68 
7 74 220 30 39.135 116.347 60.36 8.32 135.76 
8 107 291 28 60.629 164.887 65.95 7.73 192.4 
9 23 48 12 30.409 63.462 85.81 21.92 74.05 
10 28 128 40 11.106 50.769 39.32 8.29 59.24 
11 50 156 32 24.79 77.344 57.52 9.52 90.25 
12 18 70 25 11.423 44.423 46.19 12.29 51.83 
13 34 145 28 19.265 82.16 42.13 8.13 95.87 
14 34 171 80 6.743 33.912 35.75 6.8 39.57 
15 4 21 15 4.231 22.212 34.25 18.71 25.92 
16 19 92 30 10.048 48.654 37.12 9.42 56.77 
17 58 210 36 25.561 92.549 49.6 7.51 107.99 
18 44 131 50 13.962 41.568 60.27 10.66 48.5 
19 142 408 100 22.529 64.731 62.44 6.38 75.53 












































































































Black Forest Sample: ZTG-0-19 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 8.7224 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 16 38 16 15.865 37.68 63.17 18.93 52.57 
2 25 60 36 11.018 26.442 62.51 15.01 36.89 
3 39 99 36 17.188 43.63 59.12 11.32 60.88 
4 30 98 36 13.221 43.189 45.99 9.7 60.26 
5 34 94 36 14.984 41.426 54.3 11 57.8 
6 43 135 36 18.95 59.495 47.84 8.51 83.01 
7 9 34 20 7.139 26.971 39.78 14.96 37.63 
8 13 51 25 8.25 32.366 38.32 11.96 45.16 
9 23 58 25 14.596 36.808 59.51 14.78 51.36 
10 81 261 100 12.851 41.409 46.62 6.1 57.78 
11 19 48 36 8.373 21.154 59.4 16.2 29.52 
12 6 52 36 2.644 22.917 17.37 7.51 31.97 
13 28 99 36 12.34 43.63 42.5 9.19 60.88 
14 28 99 36 12.34 43.63 42.5 9.19 60.88 
15 37 111 36 16.306 48.919 50.06 9.63 68.25 
16 30 120 36 13.221 52.885 37.58 7.76 73.79 
17 31 110 36 13.662 48.478 42.35 8.71 67.64 
18 31 73 40 12.296 28.954 63.71 13.8 40.4 
19 61 73 24 40.325 48.257 124.76 21.98 67.33 
20 55 157 36 24.239 69.191 52.6 8.4 96.54 
 










































































































Black Forest Sample: ZTG-0-20 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-20 Rhod: 7.3564 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3215      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 4 36 16 3.966 35.697 14.11 7.45 59.06 
2 9 89 36 3.966 39.223 12.85 4.51 64.89 
3 9 69 9 15.865 121.635 16.56 5.89 201.23 
4 4 25 16 3.966 24.79 20.31 10.96 41.01 
5 4 13 16 3.966 12.891 39.01 22.33 21.33 
6 6 37 25 3.808 23.481 20.59 9.08 38.85 
7 20 137 36 8.814 60.377 18.54 4.47 99.88 
8 12 124 36 5.288 54.648 12.29 3.74 90.41 
9 40 167 100 6.346 26.495 30.38 5.43 43.83 
10 5 25 16 4.958 24.79 25.38 12.46 41.01 
11 5 33 20 3.966 26.178 19.24 9.25 43.31 
12 33 200 60 8.726 52.885 20.95 3.99 87.49 
13 16 112 50 5.077 35.539 18.14 4.88 58.79 
14 9 87 49 2.914 28.169 13.14 4.62 46.6 
15 10 76 36 4.407 33.494 16.71 5.64 55.41 
16 9 48 25 5.712 30.462 23.8 8.68 50.39 
17 6 42 36 2.644 18.51 18.14 7.94 30.62 
18 17 60 28 9.633 33.997 35.93 9.93 56.24 
19 5 25 25 3.173 15.865 25.38 12.46 26.25 
20 31 167 49 10.037 54.072 23.56 4.66 89.45 
 














Black Forest Sample: ZTG-0-21 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
102 
Appendix 
Irrad. code: BS-19 Rhod: 10.4523 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 6 66 20 4.76 52.356 16.4 7.01 60.96 
2 6 59 20 4.76 46.803 18.35 7.88 54.49 
3 5 54 100 0.793 8.567 16.71 7.83 9.98 
4 4 28 40 1.587 11.106 25.76 13.79 12.93 
5 5 32 16 4.958 31.731 28.17 13.57 36.95 
6 14 34 16 13.882 33.714 73.96 23.59 39.25 
7 9 48 50 2.856 15.231 33.79 12.32 17.73 
8 8 53 30 4.231 28.029 27.21 10.35 32.64 
9 8 120 60 2.115 31.731 12.03 4.41 36.95 
10 2 11 25 1.269 6.981 32.76 25.21 8.13 
11 5 47 36 2.204 20.713 19.19 9.05 24.12 
12 5 29 35 2.266 13.146 31.07 15.08 15.31 
13 3 15 16 2.975 14.874 36.03 22.81 17.32 
14 3 45 16 2.975 44.622 12.03 7.18 51.95 
15 13 138 35 5.893 62.555 17 4.96 72.84 
16 16 375 50 5.077 118.991 7.7 1.98 138.55 
17 44 112 49 14.247 36.264 70.59 12.74 42.22 
18 6 18 15 6.346 19.039 59.94 28.32 22.17 
19 25 320 100 3.966 50.769 
48 
14.1 2.96 59.11 
20 12 45 16 11.899 44.622 15.66 51.95 
 


















Black Forest Sample: ZTG-0-22 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-19 Rhod: 9.8069 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
















129 42 13.221 48.73 45.83 8.84 60.47 
3 33 16 7.933 32.723 40.96 16.19 40.61 
4 147 36 14.984 64.784 39.09 7.53 80.39 
5 232 40 10.313 92.02 18.97 3.96 114.19 
6 95 16 6.941 94.201 12.48 4.9 116.9 
7 314 100 6.505 49.818 22.1 3.73 61.82 
8 133 24 15.204 87.921 29.25 6.66 109.11 
9 60 16 6.941 59.495 19.75 7.91 73.83 
10 24 185 25 15.231 117.404 21.95 4.81 145.69 
11 90 16 19.832 89.243 37.56 9.35 110.75 
12 66 16 2.975 65.445 7.7 4.55 81.21 
13 328 80 11.304 65.048 29.39 4.31 80.72 
14 53 25 1.269 33.635 6.39 4.61 41.74 
15 48 9 3.526 84.616 7.06 5.1 105.01 
16 102 24 9.916 67.428 24.88 6.92 83.68 
17 3 84 30 1.587 44.423 6.05 3.56 55.13 





55 12 2.644 72.717 6.16 4.44 90.24 
20 40 12 2.644 52.885 8.47 6.14 65.63 
 
























Black Forest Sample: ZTG-0-23 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
 
Age [Ma]
Irrad. code: BS-19 Rhod: 10.1296 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3578     
Cryst Ns Ni Area Rhos Rhoi σ U [ppm] 
1 24 168 36 10.577 74.039 24.96 5.5 88.95 






26.36 5.5 94.78 
38.46 6.9 93.72 
33.12 
38.71 6.1 87.68 
7.03 113.73 
3 41 141 32 20.328 69.907 9.13 83.99 
4 46 318 70 10.426 72.075 4.06 86.59 
5 28 140 36 12.34 61.699 34.92 7.31 74.13 
6 22 105 36 9.696 46.274 8.65 55.6 
7 37 150 36 16.306 66.106 8.01 79.42 
8 26 67 18 22.917 59.055 15.75 70.95 
9 27 179 36 11.899 78.887 
10 39 177 36 17.188 78.005 
11 99 522 100 15.707 82.818 3.77 99.5 
12 51 230 50 16.183 72.981 
13 60 325 70 13.599 73.661 32.24 4.63 88.5 
14 61 194 36 26.883 85.497 54.82 8.22 102.72 
15 24 143 25 15.231 90.75 29.32 6.53 109.03 
16 33 364 100 5.236 57.75 15.85 2.92 69.38 
17 60 358 70 13.599 81.14 29.28 4.18 97.48 
18 56 436 70 12.692 98.819 22.45 3.26 118.72 
19 28 202 35 12.692 91.566 24.22 4.94 110.01 
20 23 142 25 14.596 90.116 28.3 6.42 108.27 
 









































































































Black Forest Sample: ZTG-0-06 
ζ = 113.49 ± 1.8  Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.5086  Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 151 8 24 257.855 13.661 465.67 169.5 120.6 
2 114 
160 
9 25 186.885 14.754 316.18 109.87 130.24 
3 8 25 262.295 13.115 492.39 178.98 115.77 
4 81 8 25 132.787 13.115 253.97 94.42 115.77 
5 55 6 25 90.164 9.836 230.36 99.27 86.83 
6 71 13 18 161.658 29.599 138.24 41.9 261.29 
7 54 4 12 184.426 13.661 336.45 174.63 120.6 
8 79 8 16 202.357 20.492 247.82 92.24 180.89 
9 32 4 12 109.29 13.661 201.49 107.02 120.6 
10 72 6 25 118.033 9.836 299.92 127.75 86.83 
11 116 5 18 264.117 11.384 567.79 259.88 100.5 
12 54 3 15 147.541 8.197 444.81 264.17 72.36 
13 38 4 12 129.781 13.661 238.58 125.61 120.6 
14 57 3 15 155.738 8.197 468.64 277.95 72.36 
15 113 12 25 185.246 19.672 236.52 72.15 173.66 
16 44 3 10 180.328 12.295 364.72 217.9 108.54 
17 127 11 25 208.197 18.033 288.81 91.17 159.19 
18 95 6 16 243.34 15.369 392.86 165.78 135.67 
19 103 9 25 168.852 14.754 286.34 99.89 130.24 
20 121 9 20 247.951 18.443 335.1 116.2 162.8 
 
 
Black Forest Sample: ZTG-0-07 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.182 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 39 3 15 106.557 8.197 301.35 180.77 78.01 
2 75 14 16 192.111 35.861 125.89 36.84 341.29 
3 45 3 6 307.377 20.492 346.48 206.86 195.02 
4 66 6 10 270.492 24.59 255.89 109.37 234.02 
5 72 5 12 245.902 17.077 332.97 154.31 162.52 
6 110 6 20 225.41 12.295 421.01 176.94 117.01 
7 78 7 15 213.115 19.126 259.15 102.54 182.02 
8 56 4 12 191.257 13.661 323.95 167.93 130.01 
9 56 4 15 153.005 10.929 323.95 167.93 104.01 
10 52 6 15 142.077 16.393 202.45 87.49 156.02 
11 57 4 12 194.672 13.661 329.59 170.76 130.01 
12 55 5 12 187.842 17.077 255.89 119.77 162.52 
13 102 8 16 261.27 20.492 295.68 108.91 195.02 
14 72 6 12 245.902 20.492 278.66 118.69 195.02 
15 115 8 20 235.656 16.393 332.41 121.94 156.02 
105 
Appendix 
16 25 3 12 85.383 10.246 194.78 119.15 97.51 
17 78 7 24 133.197 11.954 259.15 102.54 113.76 
18 69 5 18 157.104 11.384 319.44 148.24 108.34 
19 162 13 24 276.639 22.199 289.14 83.79 211.27 
20 101 6 18 229.964 13.661 387.58 163.26 130.01 
 
 
Black Forest Sample: ZTG-0-08 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.4432 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 58 4 16 148.566 10.246 355.6 184.13 91.78 
2 131 8 36 149.135 9.107 400.18 146.22 81.58 
3 56 4 9 255.009 18.215 343.66 178.15 163.16 
4 59 5 18 134.335 11.384 290.85 135.75 101.98 
5 114 14 40 116.803 14.344 202.1 57.55 128.49 
6 49 5 16 125.512 12.807 242.47 114.06 114.72 
7 87 6 12 297.131 20.492 355.6 150.46 183.56 
8 30 5 12 102.459 17.077 149.53 72.37 152.96 
9 55 5 15 150.273 13.661 271.54 127.09 122.37 
10 65 6 16 166.496 15.369 267.51 114.41 137.67 
11 87 14 24 148.566 23.907 154.81 44.81 214.15 
12 64 6 25 104.918 9.836 263.48 112.76 88.11 
13 25 2 12 85.383 6.831 307.7 226.3 61.19 
14 31 3 16 79.406 7.684 255.41 154.61 68.83 
15 92 10 25 150.82 16.393 227.88 76.18 146.84 
16 19 2 12 64.891 6.831 235.18 174.97 61.19 
17 66 4 25 108.197 6.557 403.14 207.93 58.74 
18 29 3 12 99.044 10.246 239.23 145.26 91.78 
19 40 4 9 182.149 18.215 247.32 129.9 163.16 
20 39 3 18 88.798 6.831 319.71 191.78 61.19 
 
 
Black Forest Sample: ZTG 0-09 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.9004 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 64 7 16 163.934 17.93 249.35 99.54 145.63 
2 158 13 35 185.012 15.222 329.4 95.54 123.63 
3 79 5 9 359.745 22.769 425.03 196.41 184.92 
4 49 10 9 223.133 45.537 134.84 46.96 369.84 
5 109 9 12 372.268 30.738 328.28 114.27 249.65 
6 65 7 12 221.995 23.907 253.17 100.99 194.17 
7 79 8 9 359.745 36.43 268.91 100.09 295.88 
8 64 5 9 291.439 22.769 346.45 161.2 184.92 
9 84 15 12 286.885 51.23 153.87 43.37 416.08 
10 154 17 18 350.638 38.707 247.1 63.57 314.37 
11 45 3 12 153.689 10.246 404.17 241.3 83.22 
12 75 9 6 512.295 61.475 227.66 80.59 499.29 
13 126 13 21 245.902 25.371 264.04 77.31 206.06 
14 63 6 8 322.746 30.738 285.56 122.3 249.65 
15 44 4 8 225.41 20.492 298.85 156.32 166.43 
106 
Appendix 
16 53 5 18 120.674 11.384 288.22 135.11 92.46 
17 74 6 10 303.279 24.59 334.15 142.18 199.72 
18 119 10 20 243.852 20.492 322.69 106.67 166.43 
19 112 18 30 153.005 24.59 170.74 43.65 199.72 
20 59 9 9 268.67 40.984 179.76 64.55 332.86 
 
 
Black Forest Sample: ZTG-0-13 
ζ = 113.49 ± 1.8  Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.8351  Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 76 13 12 259.563 44.399 158.44 47.78 365.47 
2 90 23 20 184.426 47.131 106.48 25.08 387.96 
3 71 22 10 290.984 90.164 87.94 21.62 742.18 
4 143 41 15 390.71 112.022 94.99 17.06 922.11 
5 131 13 15 357.923 35.519 270.71 79.13 292.37 
6 119 19 20 243.852 38.934 169.59 42.2 320.49 
7 108 22 9 491.803 100.182 133.3 31.43 824.65 
8 124 35 12 423.497 119.536 96.48 18.69 983.95 
9 39 27 5 319.672 221.311 39.51 9.96 1821.72 
10 200 20 25 327.869 32.787 268.69 63.51 269.88 
11 143 9 16 366.291 23.053 421.83 145.5 189.76 
12 103 9 10 422.131 36.885 306.59 106.95 303.62 
13 82 9 12 280.055 30.738 245.25 86.43 253.02 
14 124 15 30 169.399 20.492 222.91 61.29 168.68 
15 42 5 4 430.328 51.23 226.44 107.34 421.69 
16 44 5 8 225.41 25.615 237.03 112.08 210.85 
17 62 14 9 282.332 63.752 120.37 35.8 524.78 
18 165 27 20 338.115 55.328 165.53 34.71 455.43 
19 129 36 15 352.459 98.361 97.57 18.62 809.65 
20 106 15 15 289.617 40.984 191.03 53 337.36 
 
 
Black Forest Sample: ZTG-0-14 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.5739 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 53 10 6 362.022 68.306 136.11 47.1 594.37 
2 155 29 32 198.514 37.141 137.25 28.06 323.19 
3 118 13 15 322.404 35.519 231.39 67.96 309.07 
4 27 7 2 553.279 143.443 99.34 42.24 1248.17 
5 20 4 4 204.918 40.984 128.48 70.48 356.62 
6 33 9 4 338.115 92.213 94.47 35.64 802.4 
7 19 5 2 389.344 102.459 97.88 49.28 891.55 
8 58 12 6 396.175 81.967 124.24 39.57 713.24 
9 31 8 6 211.749 54.645 99.8 39.69 475.49 
 
 
Black Forest Sample: ZTG-0-15 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.7698 Dosimeter glass: CN1 
107 
Appendix 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 50 3 10 204.918 12.295 436.02 259.5 102.59 
2 52 4 8 266.393 20.492 342.59 178.05 170.99 
3 42 3 8 215.164 15.369 368.21 220.32 128.24 
4 85 8 15 232.24 21.858 281.35 104.38 182.39 
5 73 5 20 149.59 10.246 383.53 177.66 85.49 
6 126 9 15 344.262 24.59 368.21 127.51 205.18 
7 76 7 10 311.475 28.689 287.36 113.82 239.38 
8 143 20 21 279.079 39.032 190.68 45.87 325.69 
9 119 7 16 304.816 17.93 444.45 173.35 149.61 
10 88 5 12 300.546 17.077 459.59 211.73 142.49 
11 45 4 10 184.426 16.393 297.52 155.48 136.79 
12 72 9 12 245.902 30.738 212.97 75.56 256.48 
13 74 10 14 216.628 29.274 197.24 66.71 244.27 
14 78 7 12 266.393 23.907 294.75 116.62 199.48 
15 61 4 8 312.5 20.492 400.08 206.84 170.99 
16 61 5 9 277.778 22.769 322.03 150.1 189.99 
17 105 11 15 286.885 30.055 253.32 80.63 250.78 
18 54 7 9 245.902 31.876 205.49 82.77 265.98 
19 62 7 12 211.749 23.907 235.38 94.11 199.48 
20 49 6 12 167.35 20.492 217.34 94.22 170.99 
 
 
Black Forest Sample: ZTG-0-16 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.3126 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 37 3 6 252.732 20.492 294.97 177.28 189.11 
2 60 4 8 307.377 20.492 357.01 184.66 189.11 
3 140 8 24 239.071 13.661 414.63 151.22 126.08 
4 41 4 6 280.055 27.322 246.08 129.11 252.15 
5 76 6 12 259.563 20.492 302.75 128.7 189.11 
6 40 5 8 204.918 25.615 192.86 91.66 236.39 
7 52 5 12 177.596 17.077 249.61 117.11 157.6 
8 50 7 8 256.148 35.861 172.47 69.79 330.95 
9 37 4 4 379.098 40.984 222.48 117.28 378.23 
10 75 6 9 341.53 27.322 298.86 127.1 252.15 
11 61 4 12 208.333 13.661 362.79 187.56 126.08 
12 27 3 6 184.426 20.492 216.57 131.95 189.11 
13 52 3 6 355.191 20.492 410.81 244.23 189.11 
14 86 10 12 293.716 34.153 207.1 69.46 315.19 
 
 
Black Forest Sample: ZTG-0-17 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 3.6595 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 31 2 9 141.166 9.107 314.09 229.34 99.05 
2 139 18 16 356.045 46.107 158.4 39.95 501.45 
3 101 10 12 344.945 34.153 206.4 68.69 371.44 
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5 172 12 18 391.621 27.322 290.98 87.3 297.15 
6 183 11 20 375 22.541 336.53 104.95 245.15 
7 74 6 8 379.098 30.738 251.16 334.3 
8 365 27 40 373.975 27.664 274.78 300.87 
9 69 5 12 235.656 17.077 280.38 185.72 
10 110 6 12 375.683 20.492 369.89 222.86 
11 64 9 20 131.148 18.443 146 200.58 
12 103 12 9 469.035 54.645 175.82 594.31 
13 106 7 9 482.696 31.876 307.03 346.68 
14 52 6 9 236.794 27.322 177.5 297.15 
15 68 5 9 309.654 22.769 276.4 247.63 
16 119 8 12 406.421 27.322 301.72 297.15 
17 89 10 16 227.971 25.615 182.22 278.58 
18 67 5 16 171.619 12.807 272.42 139.29 
19 95 8 12 324.454 27.322 241.99 297.15 
20 89 6 9 405.282 27.322 300.89 297.15 
 
  
Black Forest Sample: ZTG-0-19 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.7045 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605     
σ 
 
Cryst Ns Ni Area Rhos Rhoi Age [Ma] U [ppm] 
1 83 6 15 226.776 16.393 359.1 152.18 138.69 
















3 35 5 5 286.885 40.984 184.21 346.72 
4 110 14 30 150.273 19.126 206.41 161.8 
5 73 16 20 149.59 32.787 120.66 33.5 277.38 
6 80 6 48 68.306 5.123 346.46 43.34 
7 30 3 9 136.612 13.661 261.58 115.57 
8 59 5 10 241.803 20.492 307.55 173.36 
9 76 9 21 148.322 17.564 221.58 148.59 
10 32 3 12 109.29 10.246 278.64 86.68 
11 61 6 18 138.889 13.661 265.85 115.57 
12 107 10 40 109.631 10.246 279.5 86.68 
13 67 6 24 114.413 10.246 291.41 86.68 
14 88 9 18 200.364 20.492 255.88 173.36 
15 128 7 50 104.918 5.738 470.55 48.54 
16 194 14 100 79.508 5.738 359.7 48.54 
17 31 3 10 127.049 12.295 270.12 104.02 
 
 
Black Forest Sample: ZTG-0-20 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.6392 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605     
σ 
 
Cryst Ns Ni Area Rhos Rhoi Age [Ma] U [ppm] 
1 54 4 6 368.852 27.322 345.94 179.55 234.4 






3 77 4 8 394.467 20.492 487.83 175.8 
4 50 5 9 227.687 22.769 258.02 195.33 
5 62 8 15 169.399 21.858 200.86 187.52 
6 171 9 18 389.344 20.492 481.72 175.8 
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7 108 8 9 491.803 36.43 345.94 127.17 
137.09 
312.53 
8 57 5 9 259.563 22.769 293.33 195.33 
9 92 4 16 235.656 10.246 578.71 296.07 87.9 
10 18 4 4 184.426 40.984 117.39 64.98 351.6 
11 136 20 20 278.689 40.984 176.57 42.61 351.6 
12 89 9 18 202.641 20.492 255.21 89.59 175.8 
13 56 4 8 286.885 20.492 358.4 185.79 175.8 
14 131 7 12 447.404 23.907 474.74 184.7 205.1 
15 77 10 6 525.956 68.306 199.58 67.35 586 
16 71 6 6 484.973 40.984 304.22 129.65 351.6 
17 35 5 12 119.536 17.077 181.69 87.03 146.5 
 
 
Black Forest Sample: ZTG-0-21 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 4.0514 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 57 3 9 259.563 13.661 422.64 250.66 134.2 
2 130 8 30 177.596 10.929 363.16 132.72 107.36 
3 70 4 9 318.761 18.215 390.26 200.96 178.94 
4 58 8 10 237.705 32.787 164.56 62.25 322.09 
5 48 10 12 163.934 34.153 109.42 38.17 335.51 
6 30 5 8 153.689 25.615 136.48 66.05 251.63 
7 61 7 12 208.333 23.907 197.29 78.95 234.86 
8 90 17 18 204.918 38.707 120.58 32.09 380.25 
9 69 8 12 235.656 27.322 195.3 73.17 268.41 
10 48 4 9 218.579 18.215 270.14 140.81 178.94 




12 43 11 8 220.287 56.352 89.25 30.27 553.59 
13 22 2 6 150.273 13.661 248.05 183.35 134.2 
14 36 4 8 184.426 20.492 203.66 201.31 
15 50 4 8 256.148 20.492 281.15 201.31 
16 17 3 4 174.18 30.738 128.98 80.86 301.96 
17 44 5 9 200.364 22.769 199.2 94.19 223.67 
18 28 3 8 143.443 15.369 211.08 128.38 150.98 
19 15 3 6 102.459 20.492 113.94 72.14 201.31 
20 85 7 16 217.725 17.93 273.28 107.76 176.14 
 
 
Black Forest Sample: ZTG-0-22 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 3.9207 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 124 10 16 317.623 25.615 270.14 89.16 260.02 
2 54 11 6 368.852 75.137 108.3 35.97 762.73 
3 39 4 9 177.596 18.215 213.35 112.19 184.9 
4 26 2 4 266.393 20.492 282.92 207.78 208.02 
5 64 5 9 291.439 22.769 278.66 129.66 231.13 
6 53 10 5 434.426 81.967 116.85 40.43 832.07 
7 71 6 9 323.315 27.322 258.03 109.97 277.36 
8 152 16 20 311.475 32.787 207.97 55 332.83 
9 54 4 8 276.639 20.492 293.56 152.37 208.02 
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10 41 4 6 280.055 27.322 224.1 117.58 277.36 
11 59 6 6 403.005 40.984 215.14 92.41 416.03 
12 33 3 4 338.115 30.738 240.2 145.02 312.03 
13 40 5 5 327.869 40.984 175.57 83.44 416.03 








15 144 10 25 236.066 16.393 312.66 166.41 
16 48 6 12 163.934 20.492 175.57 208.02 
17 70 9 12 239.071 30.738 170.76 312.03 
18 37 8 8 189.549 102.08 39.92 416.03 
19 71 13 18 161.658 29.599 120.38 300.47 
20 25 2 4 256.148 20.492 272.27 208.02 
 
 
Black Forest Sample: ZTG-0-23 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-17 Rhod: 3.986 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1605     
σ 
 
Cryst Ns Ni Area Rhos Rhoi Age [Ma] U [ppm] 
1 151 12 24 257.855 20.492 278.51 83.94 204.61 




3 86 9 16 220.287 23.053 212.59 230.19 
4 68 7 10 278.689 28.689 216.06 286.45 
5 59 5 9 268.67 22.769 261.52 122.06 227.34 
6 148 17 24 252.732 29.03 193.97 50 289.86 
7 117 12 15 319.672 32.787 216.84 66.04 327.38 
8 114 15 24 194.672 25.615 169.65 46.87 255.76 
9 86 6 16 220.287 15.369 316.31 133.89 153.46 
10 98 8 12 334.699 27.322 271.29 100.08 272.81 
11 73 8 15 199.454 21.858 203.16 75.9 218.25 
12 68 6 12 232.24 20.492 251.38 107.31 204.61 
13 59 4 15 161.202 10.929 325.28 168.34 109.13 
14 106 16 16 271.516 40.984 148.13 39.97 409.22 
15 79 6 16 202.357 15.369 291.14 123.59 153.46 
16 48 7 9 218.579 31.876 153.26 62.17 318.28 
17 38 3 8 194.672 15.369 280.32 168.31 153.46 
18 33 4 12 112.705 13.661 183.95 97.54 136.41 
19 106 9 16 271.516 23.053 261.04 90.96 230.19 
20 68 17 16 174.18 43.545 89.85 24.51 434.8 
 
 
Vosges Sample: ZTG-1-01 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 10.9368 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 64 260 25 40.616 165.001 46.37 6.62 183.61 
2 42 194 49 13.599 62.814 40.8 7.05 69.9 
3 16 100 20 12.692 79.327 30.18 8.18 88.27 
4 19 111 36 8.373 48.919 32.28 8.07 54.43 
5 40 172 36 17.628 75.802 43.81 7.8 84.35 
6 35 156 25 22.212 99 42.27 8.01 110.16 
7 37 236 40 14.676 93.606 29.57 5.3 104.16 
8 16 54 20 12.692 42.837 55.77 15.96 47.67 
9 47 212 40 18.642 84.087 41.77 6.85 93.57 
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10 35 241 36 15.425 106.21 27.4 5.02 118.19 
11 51 194 25 32.366 123.116 49.5 7.93 137 
12 81 249 36 35.697 109.736 61.2 8.04 122.11 
13 67 239 30 35.433 126.395 52.78 7.47 140.65 
14 46 281 36 20.273 123.839 30.87 5 137.8 
15 16 232 40 6.346 92.02 13.02 3.39 102.4 
16 68 209 35 30.824 94.739 61.21 8.74 105.42 
17 58 234 36 25.561 103.125 46.69 6.99 114.75 
18 26 122 20 20.625 96.779 40.16 8.76 107.69 
19 34 150 24 22.476 99.159 42.71 8.21 110.34 
20 17 114 36 7.492 50.241 28.13 7.36 55.91 
 








































































































Vosges Sample: ZTG-1-02 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 8.9958 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 10 95 70 2.266 21.532 16.35 5.46 29.13 
2 51 224 35 23.118 101.539 35.3 5.58 137.37 
3 27 85 20 21.418 67.428 49.2 10.97 91.22 
4 35 152 36 15.425 66.988 35.7 6.78 90.62 
5 29 128 36 12.781 56.411 35.13 7.3 76.32 
6 62 256 50 19.673 81.231 37.55 5.43 109.89 
7 27 139 24 17.849 91.887 30.13 6.4 124.31 
8 19 115 25 12.058 72.981 25.64 6.4 98.73 
9 48 192 40 19.039 76.154 38.76 6.36 103.03 
10 49 179 36 21.595 78.887 42.42 6.96 106.72 
11 17 52 20 13.486 41.25 50.63 14.23 55.81 
12 24 121 36 10.577 53.326 30.77 6.94 72.14 
13 21 120 16 20.823 118.991 27.15 6.47 160.98 
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14 37 87 24 24.459 57.512 65.79 13.06 77.81 
15 37 142 35 16.772 64.368 40.39 7.55 87.08 
16 70 205 35 31.731 92.926 52.88 7.49 125.72 
17 57 204 36 25.12 89.904 43.3 6.62 121.63 
18 26 73 20 20.625 57.909 55.14 12.7 78.34 
19 17 104 20 13.486 82.5 25.37 6.68 111.61 
20 16 60 15 16.923 63.462 41.33 11.7 85.85 
 








































































































Vosges Sample: ZTG-1-03 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 11.6426 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 8 28 25 5.077 17.769 57.24 23.01 18.57 
2 33 103 30 17.452 54.471 64.15 12.98 56.94 
3 130 440 70 29.464 99.726 59.18 6.17 104.24 
4 35 159 28 19.832 90.093 44.15 8.35 94.17 
5 76 318 49 24.608 102.964 47.92 6.29 107.63 
6 50 192 25 31.731 121.847 52.19 8.44 127.37 
7 91 489 70 20.625 110.832 37.34 4.41 115.85 
8 129 615 100 20.466 97.573 42.07 4.27 101.99 
9 19 87 25 12.058 55.212 43.8 11.17 57.71 
10 23 82 25 14.596 52.039 56.2 13.37 54.4 
11 22 133 25 13.962 84.404 33.2 7.71 88.23 
12 19 105 36 8.373 46.274 36.31 9.12 48.37 
13 40 167 24 26.442 110.397 48.02 8.58 115.4 
4.7 
14 84 282 70 19.039 63.915 59.67 7.63 66.81 
15 182 688 80 36.094 136.443 53.02 142.62 
16 63 236 49 20.398 76.413 53.5 7.76 79.87 
17 34 184 36 14.984 81.09 37.08 7.01 84.76 
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18 19 79 30 10.048 41.779 48.22 12.41 43.67 
19 40 139 28 22.665 78.761 57.65 10.49 82.33 
20 76 370 60 20.096 97.837 41.2 5.34 102.27 
 










































































































ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 10.5838 Dosimeter glass: CN5 
Grid unit: 63.03 
Ni
Nd: 3690      
Cryst Ns Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 13 70 49 4.209 22.665 33.88 10.28 26.06 

















64 6.693 25.038 48.72 10.66 28.79 
3 39 28 22.098 76.494 52.63 9.7 87.96 
4 15 20 11.899 30.144 71.81 22 34.66 
5 35 100 5.553 25.861 39.16 7.39 29.74 
6 12 36 5.288 29.087 33.18 10.46 33.45 
7 12 32 5.95 34.21 31.74 9.97 39.34 
8 12 24 7.933 36.358 39.79 12.73 41.81 
9 9 47 35 4.08 21.305 34.94 12.75 24.5 
10 9 30 4.76 36.491 23.82 8.47 41.96 
11 22 30 11.635 23.798 88.82 23.26 27.36 
12 28 50 8.885 22.212 72.76 16.42 25.54 
13 17 36 7.492 25.561 53.4 14.81 29.39 
14 10 25 6.346 26.654 43.41 15.33 30.65 
15 8 30 4.231 29.087 26.55 10.08 33.45 
16 15 53 36 6.611 23.357 51.57 15.16 26.86 
17 7 30 3.702 28.029 24.12 9.73 32.23 
18 14 36 6.17 19.832 56.66 17.42 22.8 
19 13 25 8.25 24.75 60.69 19.52 28.46 












































































































Vosges Sample: ZTG-1-07 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 11.2896 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 4 33 25 2.538 20.942 23.61 12.52 22.58 
2 12 42 30 6.346 22.212 55.51 18.25 23.94 
3 10 30 36 4.407 13.221 64.72 23.71 14.25 
4 6 28 20 4.76 22.212 41.68 18.79 23.94 
5 12 81 20 9.519 64.255 28.84 8.96 69.27 
6 24 93 49 7.771 30.112 50.16 11.58 32.46 
7 15 51 30 7.933 26.971 57.14 16.87 29.07 
8 7 42 16 6.941 41.647 32.44 13.28 44.89 
9 14 77 49 4.533 24.931 35.38 10.34 26.88 
10 27 153 100 4.284 24.274 34.34 7.24 26.17 
11 12 75 32 5.95 37.185 31.15 9.73 40.08 
12 15 51 20 11.899 40.457 57.14 16.87 43.61 
13 6 30 20 4.76 23.798 38.91 17.44 25.65 
14 11 104 25 6.981 66 20.61 6.56 71.15 
15 7 39 25 4.442 24.75 34.93 14.38 26.68 
16 15 110 60 3.966 29.087 26.55 7.35 31.35 
17 12 45 28 6.799 25.498 51.83 16.91 27.49 
18 12 87 25 7.615 55.212 26.86 8.31 59.52 
19 8 59 36 3.526 26.002 26.4 9.98 28.03 
20 7 62 36 3.085 27.324 21.99 8.79 29.45 
 










































































































Vosges Sample: ZTG-1-08 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 10.7603 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 12 31 36 5.288 13.662 71.6 24.44 15.45 













32 18.344 52.554 64.6 12.49 59.44 
3 31 49 10.037 26.227 70.79 15.1 29.66 
4 28 36 39.223 58.25 12.74 44.36 
31 80 25 50.769 71.67 15.32 57.42 
6 26 25 16.5 45.693 66.81 15.42 51.68 
7 55 49 17.808 42.092 78.21 12.8 47.61 
8 53 80 10.511 20.625 94.09 16.13 23.33 
9 95 100 15.072 38.077 73.2 9.14 43.07 
10 23 25 14.596 29.192 92.33 23.74 33.02 
11 32 49 10.361 32.702 58.66 12.03 36.99 
12 34 24 22.476 47.596 87.23 18.34 53.83 
13 28 36 12.34 35.257 64.77 14.36 39.88 
14 29 25 18.404 64.096 53.18 11.32 72.49 
15 12 41 20 9.519 32.524 54.21 17.87 36.79 
16 14 34 16 13.882 33.714 76.13 24.28 38.13 
17 11 55 24 7.272 36.358 37.09 12.3 41.12 
18 62 171 36 27.324 75.361 67.08 10.15 85.23 
19 47 84 25 29.827 53.308 103.23 19.06 60.29 
20 13 29 25 8.25 18.404 82.84 27.76 20.82 
 










































































































Vosges Sample: ZTG-1-09 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 10.2309 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 27 158 36 11.899 69.632 30.15 6.34 82.83 
2 87 276 40 34.507 109.472 55.5 7.03 130.22 
3 59 146 25 37.442 92.654 71.07 11.17 110.22 
4 48 163 25 30.462 103.443 51.87 8.66 123.05 
5 30 76 50 9.519 24.116 69.43 15.12 28.69 
6 11 56 36 4.848 24.68 34.64 11.47 29.36 
7 21 46 36 9.255 20.273 80.23 21.27 24.11 
8 14 53 24 9.255 35.036 46.54 14.06 41.68 
9 24 86 49 7.771 27.846 49.16 11.45 33.12 
10 14 40 24 9.255 26.442 61.6 19.22 31.45 
11 26 93 36 11.458 40.986 49.25 11.03 48.75 
12 45 159 70 10.199 36.037 49.85 8.55 42.87 
13 24 69 24 15.865 45.613 61.22 14.62 54.26 
14 29 71 16 28.756 70.403 71.83 15.98 83.75 
15 33 108 50 10.471 34.269 53.81 10.83 40.76 
16 31 82 36 13.662 36.138 66.51 14.17 42.99 
17 59 255 100 9.361 40.457 40.79 6.02 48.12 
18 13 90 36 5.729 39.664 25.49 7.6 47.18 
19 30 90 30 15.865 47.596 58.68 12.5 56.62 
20 31 110 40 12.296 43.63 49.64 10.21 51.9 
 










































































































Vosges Sample: ZTG-1-10 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 10.0545 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 15 60 60 3.966 15.865 43.3 12.57 19.2 
2 19 77 49 6.152 24.931 42.74 11.02 30.18 
3 13 22 16 12.891 21.815 101.88 35.77 26.4 
4 14 35 32 6.941 17.353 69.14 21.96 21 
5 10 30 25 6.346 19.039 57.67 21.13 23.04 
6 27 29 25 17.135 18.404 159.8 43.01 22.28 
7 15 52 36 6.611 22.917 49.94 14.71 27.74 
8 5 38 25 
35 
3.173 24.116 22.83 10.88 29.19 
9 13 43 49 4.209 13.923 52.33 16.64 16.85 
10 54 220 100 8.567 34.904 42.52 6.58 42.25 
11 12 47 36 5.288 20.713 44.22 14.36 25.07 
12 8 39 36 3.526 17.188 35.55 13.84 20.8 
13 13 57 5.893 25.838 39.51 12.2 31.27 
14 14 21 36 6.17 9.255 114.83 39.77 11.2 
15 15 33 20 11.899 26.178 78.51 24.56 31.69 
16 13 38 28 7.366 21.532 59.18 19.1 26.06 
17 11 32 25 6.981 20.308 59.46 20.86 24.58 
18 14 25 24 9.255 16.527 96.59 32.38 20 
19 21 30 49 6.799 9.714 120.52 34.48 11.76 
20 5 27 20 3.966 21.418 32.1 15.66 25.92 
 










































































































Vosges Sample: ZTG-1-22 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-34 Rhod: 9.9577 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 1660      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 29 219 70 6.573 49.636 22.75 4.57 60.66 
2 24 168 100 3.808 26.654 24.54 5.42 32.58 
9.02 
3 7 64 50 2.221 20.308 18.8 7.51 24.82 
4 10 65 49 3.238 21.046 26.42 25.72 
5 5 71 50 1.587 22.529 12.11 5.62 27.53 
6 9 90 60 2.38 23.798 17.19 6.04 29.09 
7 18 168 100 2.856 26.654 18.41 4.61 32.58 
8 4 15 16 3.966 14.874 45.73 25.79 18.18 
9 12 95 70 2.72 21.532 21.7 6.69 26.32 
10 17 70 48 5.619 23.137 41.66 11.36 28.28 
11 61 188 100 9.678 29.827 55.6 8.42 36.45 
12 22 133 100 3.49 21.101 28.41 6.61 25.79 
13 8 17 16 7.933 16.857 80.49 34.63 20.6 
14 6 32 21 4.533 24.176 32.19 14.37 29.55 
15 12 184 70 2.72 41.703 11.22 3.36 50.97 
16 17 139 36 7.492 61.258 21.02 5.45 74.87 
17 4 38 36 1.763 16.747 18.09 9.53 20.47 
18 10 77 60 2.644 20.361 22.31 7.54 24.88 
19 8 47 36 3.526 20.713 29.23 11.23 25.32 
20 6 31 25 3.808 19.673 33.23 14.87 24.04 
 










































































































Vosges Sample: ZTG-1-23 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-34 Rhod: 9.7017 Dosimeter glass: CN5 
Grid unit: 63.03 
Ni
Nd: 1660      
Cryst Ns Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 23 107 80 4.561 21.22 35.94 8.36 26.62 


















50 6.346 16.183 65.43 17.42 20.3 
3 8 25 5.077 11.423 74.1 31.6 14.33 
4 22 64 5.454 21.319 42.76 10.33 26.74 
5 15 85 70 3.4 19.265 29.52 8.33 24.17 
6 8 50 2.538 21.577 19.7 7.4 27.07 
7 35 100 5.553 21.418 43.33 8.36 26.87 
8 5 42 1.889 16.621 19.03 9 20.85 
9 17 50 5.394 14.596 61.68 17.64 18.31 
10 10 36 4.407 17.188 42.85 15.27 21.56 
11 13 32 6.445 13.386 80.24 27.23 16.79 
12 75 100 11.899 49.024 40.57 5.42 61.5 
13 17 60 4.495 18.51 40.6 11.07 23.22 
14 13 24 8.594 48.919 29.39 8.9 61.36 
15 18 40 7.139 17.452 68.24 19.24 21.89 
16 6 50 1.904 18.721 17.03 7.32 23.48 
17 11 49 3.562 24.931 23.91 7.75 31.27 
18 17 60 4.495 18.51 40.6 11.07 23.22 
19 15 25 9.519 27.289 58.23 17.58 34.23 
20 15 49 4.857 20.075 40.44 11.72 25.18 
 










































































































Vosges Sample: ZTG-1-24 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-37 Rhod: 12.4856 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3882      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 7 30 20 5.553 23.798 50.16 21.11 23.2 
2 22 39 32 10.908 19.336 120.6 32.36 18.85 
3 11 23 15 11.635 24.327 102.39 37.66 23.71 
4 22 51 32 10.908 25.286 92.43 23.74 24.65 
5 20 61 12 26.442 80.649 70.37 18.25 78.61 
6 16 54 36 7.051 23.798 63.63 18.21 23.2 




8 26 72 64 6.445 17.849 77.46 17.88 17.4 
9 18 90 50 5.712 28.558 43.02 11.18 27.84 
10 18 44 24 11.899 29.087 87.69 28.35 
11 23 82 49 7.447 26.55 60.25 25.88 
12 46 115 100 7.298 18.245 85.75 15.18 17.78 
13 24 73 50 7.615 23.164 70.56 16.74 22.58 
14 68 232 36 29.968 102.244 62.95 8.88 99.66 
15 15 42 25 9.519 26.654 76.62 23.16 25.98 
16 77 159 100 12.216 25.226 103.67 14.73 24.59 
17 22 59 24 14.543 39.003 79.97 20.12 38.02 
18 26 77 25 16.5 48.866 72.46 16.58 47.63 
19 24 79 50 7.615 25.067 65.23 15.33 24.43 
20 36 151 100 5.712 23.957 51.25 9.63 23.35 
 








































































































Vosges Sample: ZTG-1-25 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-37 Rhod: 12.1892 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3882      
121 
Appendix 
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 14 40 25 8.885 25.385 73.32 22.87 25.34 
2 22 50 
115 
18 19.391 44.071 92.04 23.71 44 
3 22 50 6.981 36.491 40.18 9.43 36.43 
4 15 22 20 11.899 17.452 142.07 47.76 17.42 
5 10 34 25 6.346 21.577 61.67 22.26 21.54 
6 9 43 25 5.712 27.289 43.95 16.16 27.25 
7 14 46 20 11.106 36.491 63.8 19.57 36.43 
8 65 214 50 20.625 67.904 63.68 9.22 67.8 
9 46 173 50 14.596 54.894 55.78 9.4 54.81 
10 15 43 24 9.916 28.426 73.08 22.02 28.38 
11 25 74 10 39.664 117.404 70.79 16.51 117.22 
12 19 95 70 4.306 21.532 42 10.63 21.5 
13 10 31 25 6.346 19.673 67.61 24.67 19.64 
14 7 21 9 12.34 37.019 69.85 30.56 36.96 
15 61 445 100 9.678 70.601 28.82 4.03 70.49 
16 8 29 20 6.346 23.005 57.86 23.17 22.97 
17 7 21 18 6.17 18.51 69.85 30.56 18.48 
18 17 39 16 16.857 38.672 91.19 26.64 38.61 
19 22 76 36 9.696 33.494 60.7 14.81 33.44 
20 8 28 25 5.077 17.769 59.92 24.09 17.74 
 








































































































Vosges Sample: ZTG-1-26 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-37 Rhod: 11.8929 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3882   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 45 57 32 22.311 28.26 160.28 32.32 28.92 
2 25 88 16 24.79 87.26 58.14 13.29 89.29 
3 16 35 12 21.154 46.274 93.29 28.29 47.35 
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4 17 84 20 13.486 66.635 41.47 11.1 68.19 
5 8 21 20 6.346 16.659 77.84 32.42 17.05 
6 11 29 16 10.908 28.756 77.5 27.54 29.43 
7 28 71 36 12.34 31.29 80.56 18.14 32.02 
8 22 58 20 17.452 46.01 77.5 19.54 47.08 
9 18 104 25 11.423 66 35.48 9.12 67.54 
10 54 225 49 17.484 72.852 49.15 7.59 74.55 
11 22 41 25 13.962 26.019 109.37 29.09 26.63 
12 40 132 30 21.154 69.808 61.99 11.34 71.43 
13 59 137 36 26.002 60.377 87.92 13.94 61.78 
14 39 146 16 38.672 144.772 54.68 9.99 148.15 
15 18 26 15 19.039 27.5 140.76 43.37 28.14 
16 103 313 36 45.393 137.941 67.29 7.91 141.16 
17 35 70 32 17.353 34.706 101.97 21.33 35.51 
18 12 56 20 9.519 44.423 43.9 14.03 45.46 
19 14 78 18 12.34 68.75 36.79 10.74 70.35 
20 15 48 12 19.832 63.462 63.92 19 64.94 
 










































































































Vosges Sample: ZTG-1-27 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 9.7016 Dosimeter glass: CN5 
Grid unit: 63.03 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 32 115 42 12.088 43.441 46.49 9.4 54.49 
2 40 93 36 
25 
17.628 40.986 71.72 13.73 51.41 
3 17 43 15 17.981 45.481 65.96 19 57.05 
4 32 87 42 12.088 32.864 61.38 12.83 41.23 
5 26 107 25 16.5 67.904 40.62 8.97 85.18 
6 14 48 49 4.533 15.542 48.72 14.87 19.5 
7 22 108 20 17.452 85.673 34.07 8.04 107.47 
8 13 34 24 8.594 22.476 63.8 20.89 28.19 
9 15 52 24 9.916 34.375 48.19 14.2 43.12 
10 21 98 24 13.882 64.784 35.83 8.68 81.27 
11 17 38 25 10.789 24.116 74.58 21.88 30.25 
12 20 57 20 15.865 45.217 58.57 15.32 56.72 
13 27 79 25 17.135 50.135 57.06 12.84 62.89 
14 30 65 19.039 41.25 76.93 17.14 51.75 
15 12 33 20 9.519 26.178 60.69 20.54 32.84 
16 19 37 48 6.28 12.23 85.54 24.28 15.34 
17 37 86 25 23.481 54.577 71.74 14.27 68.46 
18 20 39 32 9.916 19.336 85.42 23.64 24.26 
19 31 52 20 24.591 41.25 99.2 22.71 51.75 
20 26 42 25 16.5 26.654 102.98 25.89 33.44 
 










































































































Vosges Sample: ZTG-1-01 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.0071 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 189 17 18 430.328 38.707 247.97 63.2 384.45 
2 36 5 9 163.934 22.769 161.67 77.3 226.15 
3 47 7 4 481.557 71.721 150.89 61.29 712.36 
4 46 9 6 314.208 61.475 115.18 42.12 610.6 
 
 
Vosges Sample: ZTG-1-02 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.1157 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 41 4 6 280.055 27.322 235.05 123.31 264.22 
2 78 5 9 355.191 22.769 354.41 163.82 220.18 
3 67 4 9 305.1 18.215 379.78 195.79 176.14 
4 66 7 6 450.82 47.814 216.52 86.3 462.38 
5 61 7 12 208.333 23.907 200.37 80.17 231.19 
6 24 4 4 245.902 40.984 138.63 74.98 396.32 
7 60 5 9 273.224 22.769 274.33 127.95 220.18 
8 42 9 3 573.77 122.951 108.08 39.82 1188.97
9 103 8 12 351.776 27.322 293.89 108.21 264.22 
10 75 12 6 512.295 81.967 144.34 45.07 792.65 
11 42 3 3 573.77 40.984 318.94 190.83 396.32 
12 41 5 5 336.066 40.984 188.72 89.57 396.32 
13 48 14 4 491.803 143.443 79.58 24.28 1387.13
14 40 9 10 163.934 36.885 102.97 38.11 356.69 
15 63 4 4 645.492 40.984 357.72 184.75 396.32 
16 44 3 4 450.82 30.738 333.74 199.39 297.24 
17 120 10 16 307.377 25.615 274.33 90.65 247.7 
 
 
Vosges Sample: ZTG-1-03 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.1002 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 64 7 15 174.863 19.126 209.29 83.54 185.65 
2 64 12 8 327.869 61.475 122.91 38.83 596.73 
3 24 3 3 327.869 40.984 183.5 112.5 397.82 
4 38 11 6 259.563 75.137 79.88 27.45 729.34 
5 56 10 4 573.77 102.459 128.99 44.44 994.55 
6 135 12 16 345.799 30.738 256.57 77.65 298.37 
7 87 12 9 396.175 54.645 166.51 51.51 530.43 
8 74 6 15 202.186 16.393 280.75 119.45 159.13 
9 56 9 4 573.77 92.213 143.17 51.58 895.1 
10 63 10 6 430.328 68.306 144.94 49.52 663.04 
11 58 10 9 264.117 45.537 133.55 45.9 442.02 
12 48 11 9 218.579 50.091 100.74 33.8 486.23 
13 14 2 3 191.257 27.322 160.84 121.68 265.21 
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14 128 15 16 327.869 38.422 195.55 53.67 372.96 
15 91 11 8 466.189 56.352 189.66 60.8 547 
 
 
Vosges Sample: ZTG-1-07 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 3.976 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660  
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 63 8 4 645.492 81.967 175.27 65.98 820.5 
2 27 4 3 368.852 54.645 150.52 80.76 547 
3 98 11 8 502.049 56.352 197.94 63.21 564.09 
4 26 3 4 266.393 30.738 192.63 117.59 307.69 
5 86 13 8 440.574 66.598 147.55 44.12 666.65 
6 110 11 10 450.82 45.082 221.76 70.43 451.27 
 
 
Vosges Sample: ZTG-1-08 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.0692 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660  
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 38 3 4 389.344 30.738 286.04 171.74 300.64 
2 63 5 4 645.492 51.23 284.57 132.48 501.07 
3 61 5 4 625 51.23 275.72 128.51 501.07 
4 74 5 4 758.197 51.23 332.99 154.17 501.07 
5 49 3 6 334.699 20.492 366.53 218.26 200.43 
6 41 3 4 420.082 30.738 308.09 184.49 300.64 
7 53 8 6 362.022 54.645 151.19 57.52 534.47 
8 45 7 4 461.066 71.721 146.76 59.78 701.49 
9 42 4 4 430.328 40.984 238 124.73 400.85 
10 25 8 4 256.148 81.967 71.76 29.22 801.7 
11 78 8 6 532.787 54.645 221.29 82.41 534.47 
12 33 3 3 450.82 40.984 249.12 150.4 400.85 
13 50 4 4 512.295 40.984 282.36 146.95 400.85 
14 29 2 4 297.131 20.492 326.41 238.82 200.43 
15 57 7 4 584.016 71.721 185.33 74.42 701.49 
16 27 2 4 276.639 20.492 304.42 223.27 200.43 
17 38 4 4 389.344 40.984 215.71 113.57 400.85 
18 83 10 8 425.205 51.23 188.86 63.46 501.07 
19 29 4 4 297.131 40.984 165.27 88.28 400.85 
20 85 6 6 580.601 40.984 319.09 135.11 400.85 
 
 
Vosges Sample: ZTG-1-09 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 3.9916 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660   
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ 
U 
[ppm]
1 16 2 4 163.934 20.492 178.7 134.13 204.32
2 24 3 2 491.803 61.475 178.7 109.56 612.97
3 53 5 6 362.022 34.153 235.73 110.5 340.54
4 58 9 12 198.087 30.738 144.34 51.88 306.48
5 59 7 4 604.508 71.721 188.14 75.41 715.13
126 
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6 33 5 4 338.115 51.23 147.79 71.05 510.81
7 50 6 4 512.295 61.475 186.04 80.56 612.97
8 51 4 4 522.541 40.984 282.51 146.92 408.65
9 32 5 4 327.869 51.23 143.36 69.06 510.81
10 57 5 4 584.016 51.23 253.18 118.32 510.81
11 42 6 4 430.328 61.475 156.63 68.51 612.97
12 45 6 6 307.377 40.984 167.68 73.04 408.65
13 79 11 9 359.745 50.091 160.65 51.91 499.46
14 
42 5 2 860.656 102.459 187.51 88.88 1021.6
1 
15 74 9 6 505.464 61.475 183.6 65.04 612.97
16 32 5 4 327.869 51.23 143.36 69.06 510.81
17 54 8 12 184.426 27.322 151.1 57.41 272.43
18 103 10 8 527.664 51.23 229.18 76.2 510.81
19 10 2 2 204.918 40.984 112.27 87.02 408.65
20 55 7 6 375.683 47.814 175.55 70.64 476.75
 
 
Vosges Sample: ZTG-1-10 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.1468 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660  
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 17 2 2 348.361 40.984 196.97 147.36 393.35 
2 85 7 6 580.601 47.814 279.58 110.24 458.91 
3 23 3 2 471.311 61.475 177.93 109.34 590.03 
4 84 7 4 860.656 71.721 276.36 109.02 688.36 
5 60 8 6 409.836 54.645 174.11 65.73 524.47 
6 46 3 3 628.415 40.984 351.07 209.45 393.35 
7 44 6 9 200.364 27.322 170.29 74.28 262.23 
 
 
Vosges Sample: ZTG-1-23 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.38 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1503  
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm]
1 64 7 5 524.59 57.377 223.33 89.16 521.37 
2 107 14 12 365.437 47.814 187.21 53.51 434.48 
3 38 3 2 778.689 61.475 307.38 184.57 558.61 
4 33 8 4 338.115 81.967 101.72 40.2 744.82 
5 48 12 4 491.803 122.951 98.66 31.98 1117.22
6 92 5 10 377.049 20.492 441.83 203.33 186.2 
7 52 5 4 532.787 51.23 253.44 118.91 465.51 
8 53 4 6 362.022 27.322 321.18 166.83 248.27 
9 77 15 8 394.467 76.844 126.34 35.86 698.27 
10 64 7 5 524.59 57.377 223.33 89.16 521.37 
11 99 8 9 450.82 36.43 300.46 110.81 331.03 
 
 
Vosges Sample: ZTG-1-24 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.36 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1503      
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Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 27 3 2 553.279 61.475 218.91 133.39 561.17 
2 26 5 3 355.191 68.306 127.39 62.32 623.53 
3 92 7 4 942.623 71.721 317.23 124.75 654.7 
4 64 5 5 524.59 40.984 309.15 143.86 374.12 
 
 
Vosges Sample: ZTG-1-25 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-39 Rhod: 4.0847 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1660      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 117 16 15 319.672 43.716 167.3 44.86 425.95 
2 64 7 4 655.738 71.721 208.51 83.23 698.83 
3 18 2 2 368.852 40.984 205.3 153.14 399.33 
4 79 8 4 809.426 81.967 224.92 83.71 798.66 
5 77 11 6 525.956 75.137 160.24 51.86 732.11 
6 19 4 3 259.563 54.645 109.17 60.14 532.44 
7 13 2 2 266.393 40.984 148.93 113.2 399.33 
8 48 8 6 327.869 54.645 137.59 52.7 532.44 
9 131 14 9 596.539 63.752 213.32 60.3 621.18 
10 43 5 4 440.574 51.23 196.32 92.94 499.16 
11 28 4 2 573.77 81.967 160.24 85.78 798.66 
 
 
Vosges Sample: ZTG-1-27 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.1313 Dosimeter glass: CN1 
Grid unit: 24.4 Nd: 1503      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 24 4 3 327.869 54.645 139.15 75.27 526.44 
2 40 5 6 273.224 34.153 184.87 87.87 329.02 
3 26 4 3 355.191 54.645 150.61 81.02 526.44 
4 84 5 8 430.328 25.615 382.28 176.36 246.77 
5 45 8 6 307.377 54.645 130.54 50.24 526.44 
6 40 3 3 546.448 40.984 305.23 182.95 394.83 
7 80 5 6 546.448 34.153 364.58 168.43 329.02 
8 40 4 4 409.836 40.984 230.27 120.95 394.83 
9 35 3 3 478.142 40.984 267.86 161.34 394.83 
10 52 6 5 426.23 49.18 200.04 86.46 473.79 
11 18 2 2 368.852 40.984 207.61 154.87 394.83 
12 33 4 3 450.82 54.645 190.56 101.05 526.44 
13 14 2 2 286.885 40.984 162.05 122.59 394.83 
14 19 2 2 389.344 40.984 218.95 162.9 394.83 
15 74 7 8 379.098 35.861 243.18 96.44 345.47 
16 64 5 4 655.738 51.23 293.3 136.48 493.53 
17 52 5 6 355.191 34.153 239.31 112.28 329.02 
18 31 6 4 317.623 61.475 120 53.64 592.24 
19 42 6 4 430.328 61.475 162.05 70.89 592.24 





3. Zircon and apatite FT data of four borehole samples from northern Switzerland 
These data are interpreted in Chapter IV of the thesis. 
 
Kaisten Sample: Kai1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 3.9378 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587           
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 105 11 20 215.164 22.541 209.84 66.79 227.83 
2 208 14 36 236.794 15.938 323.72 89.9 161.09 
3 160 11 21 312.256 21.468 317.09 99.29 216.98 
4 126 17 25 206.557 27.869 163.52 42.53 281.68 
5 47 3 6 321.038 20.492 340.9 203.25 207.11 
6 75 5 16 192.111 12.807 326.75 151.23 129.45 
7 43 7 6 293.716 47.814 135.82 55.5 483.27 
8 66 6 9 300.546 27.322 241.23 103.11 276.15 
9 68 4 9 309.654 18.215 369.09 190.21 184.1 
10 187 14 40 191.598 14.344 291.76 81.31 144.98 
11 71 4 9 323.315 18.215 384.9 198.13 184.1 
12 59 4 16 151.127 10.246 321.44 166.35 103.56 
13 50 7 15 136.612 19.126 157.66 63.8 193.31 
14 72 11 16 184.426 28.176 144.62 47.01 284.78 
15 83 7 12 283.47 23.907 259.65 102.48 241.63 
16 109 14 12 372.268 47.814 171.67 49 483.27 
17 51 6 9 232.24 27.322 187.19 80.98 276.15 
18 116 6 12 396.175 20.492 418.14 175.51 207.11 
19 58 6 16 148.566 15.369 212.46 91.33 155.34 
20 58 5 8 297.131 25.615 254.13 118.69 258.89 
 
 
Kaisten Sample: Kai4 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 3.884 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 44 5 9 200.364 22.769 191.09 90.36 233.31 
2 79 11 10 323.77 45.082 156.37 50.54 461.96 
3 163 10 25 267.213 16.393 349.59 114.36 167.99 
4 56 7 9 255.009 31.876 173.95 69.93 326.64 
5 124 8 20 254.098 16.393 332.87 121.83 167.99 
6 105 12 16 268.955 30.738 190.02 58.18 314.97 
7 60 5 16 153.689 12.807 259.2 120.89 131.24 
8 65 4 25 106.557 6.557 348.55 179.86 67.19 
9 74 12 16 189.549 30.738 134.5 42.05 314.97 
10 28 3 9 127.505 13.661 202.49 123.16 139.99 
11 58 6 12 198.087 20.492 209.61 90.1 209.98 
12 66 6 16 169.057 15.369 237.99 101.72 157.49 
13 82 8 25 134.426 13.115 222.04 82.51 134.39 
14 73 9 9 332.423 40.984 176.33 62.52 419.97 
15 114 10 24 194.672 17.077 246.48 81.62 174.99 
16 48 3 12 163.934 10.246 343.33 204.58 104.99 
17 102 11 25 167.213 18.033 201.2 64.13 184.78 
18 102 10 12 348.361 34.153 220.97 73.52 349.97 
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19 85 5 15 232.24 13.661 364.19 167.94 139.99 
20 108 7 15 295.082 19.126 331.38 129.62 195.98 
 
 
Riniken Sample: Rin1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.1889 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 148 12 12 505.464 40.984 286.69 86.47 389.4 
2 181 11 20 370.902 22.541 379.72 118.45 214.17 
3 187 11 20 383.197 22.541 391.93 122.15 214.17 
4 133 10 16 340.676 25.615 308.63 101.61 243.37 
5 160 8 16 409.836 20.492 458.69 166.73 194.7 
6 168 11 25 275.41 18.033 353.18 110.42 171.33 
7 203 13 30 277.322 17.76 360.88 103.8 168.74 
8 116 9 16 297.131 23.053 299.31 103.95 219.04 
9 62 6 12 211.749 20.492 241.06 103.31 194.7 
10 217 17 25 355.738 27.869 296.49 75.19 264.79 
11 218 20 25 357.377 32.787 254.02 59.83 311.52 
12 94 12 16 240.779 30.738 183.56 56.53 292.05 
13 113 11 16 289.447 28.176 239.67 76.03 267.71 
14 192 21 25 314.754 34.426 213.74 49.54 327.09 
15 144 13 16 368.852 33.299 258.06 75.13 316.39 
16 119 11 16 304.816 28.176 252.15 79.81 267.71 
17 202 22 25 331.148 36.066 214.64 48.61 342.67 
18 90 6 12 307.377 20.492 347.04 146.69 194.7 
19 143 9 15 390.71 24.59 367.03 126.6 233.64 
20 95 9 9 432.605 40.984 246.14 86.16 389.4 
 
 
Riniken Sample: Rin2 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.153 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 564 65 100 231.148 26.639 201.31 27.04 255.3 
2 940 100 100 385.246 40.984 217.8 23.8 392.76 
3 94 6 12 321.038 20.492 359.02 151.55 196.38 
4 178 11 36 202.641 12.523 370.49 115.63 120.01 
5 468 37 36 532.787 42.122 291.39 50.51 403.67 
6 69 9 9 314.208 40.984 178.19 63.37 392.76 
7 122 14 16 312.5 35.861 202.16 57.36 343.67 
8 249 21 25 408.197 34.426 273.54 62.69 329.92 
9 36 3 5 295.082 24.59 276.77 166.52 235.66 
10 74 11 12 252.732 37.568 156.62 50.82 360.03 
11 165 18 16 422.643 46.107 212.48 53.12 441.86 
12 335 22 36 381.375 25.046 349.22 77.56 240.02 
13 105 11 10 430.328 45.082 221.11 70.38 432.04 
14 200 16 16 512.295 40.984 288.05 75.32 392.76 
15 257 26 25 421.311 42.623 228.83 47.58 408.47 
16 289 28 25 473.77 45.902 238.76 47.79 439.9 
17 63 10 12 215.164 34.153 146.78 50.15 327.3 
18 150 12 18 341.53 27.322 288.05 86.84 261.84 
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19 77 14 16 197.234 35.861 128.33 37.48 343.67 
20 217 19 20 444.672 38.934 263.68 63.57 373.13 
 
 
Riniken Sample: Rin3 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.1172 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 158 11 25 259.016 18.033 327.14 102.47 174.32 
2 40 4 5 327.869 32.787 229.5 120.54 316.94 
3 55 5 9 250.455 22.769 252 117.95 220.1 
4 145 12 16 371.414 30.738 276.3 83.4 297.13 
5 243 22 28 355.679 32.201 253.02 56.83 311.28 
6 165 22 20 338.115 45.082 172.88 39.57 435.8 
7 84 9 10 344.262 36.885 214.45 75.48 356.56 
8 110 12 16 281.762 30.738 210.68 64.35 297.13 
9 152 14 16 389.344 35.861 248.79 69.88 346.66 
10 128 6 12 437.158 20.492 480.08 201.04 198.09 
11 128 12 15 349.727 32.787 244.51 74.17 316.94 
12 142 11 18 323.315 25.046 294.75 92.66 242.11 
13 98 10 12 334.699 34.153 224.99 74.99 330.15 
14 62 4 6 423.497 27.322 352.32 182.06 264.12 
15 75 11 9 341.53 50.091 157.36 51.02 484.22 
16 51 4 8 261.27 20.492 291.2 151.45 198.09 
17 117 12 16 299.693 30.738 223.86 68.18 297.13 
18 69 11 8 353.484 56.352 144.91 47.24 544.75 
19 110 7 12 375.683 23.907 357.06 139.59 231.1 
20 197 18 30 269.126 24.59 250.75 62.19 237.71 
 
 
Riniken Sample: Rin4 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.0813 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 77 5 12 262.978 17.077 347.14 160.54 166.53 
2 70 4 12 239.071 13.661 393.06 202.4 133.22 
3 115 16 15 314.208 43.716 164.34 44.12 426.31 
4 99 6 12 338.115 20.492 371.23 156.47 199.83 
5 53 4 6 362.022 27.322 299.78 155.7 266.44 
6 197 17 24 336.407 29.03 262.94 66.92 283.1 
7 241 18 40 246.926 18.443 302.85 74.54 179.85 
8 122 10 21 238.095 19.516 276.53 91.33 190.32 
9 97 12 12 331.284 40.984 184.54 56.74 399.66 
10 134 11 25 219.672 18.033 276.12 86.99 175.85 
11 137 10 16 350.922 25.615 309.72 101.87 249.79 
12 152 6 50 124.59 4.918 561.52 234.31 47.96 
13 229 18 40 234.631 18.443 288.1 71.04 179.85 
14 185 14 24 315.915 23.907 298.99 83.35 233.14 
15 81 7 12 276.639 23.907 262.57 103.73 233.14 
16 98 9 10 401.639 36.885 247.37 86.47 359.7 
17 46 4 8 235.656 20.492 260.98 136.26 199.83 
18 72 4 10 295.082 16.393 403.94 207.85 159.87 
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19 166 16 15 453.552 43.716 235.91 62.15 426.31 
20 82 7 20 168.033 14.344 265.74 104.94 139.88 
 
 
Riniken Sample: Rin5 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.0454 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 94 7 9 428.051 31.876 301.12 118.31 313.61 
2 75 5 8 384.221 25.615 335.45 155.26 252.01 
3 65 6 6 443.989 40.984 244.01 104.36 403.21 
4 54 5 6 368.852 34.153 243.27 113.95 336.01 
5 151 12 16 386.783 30.738 282.57 85.17 302.41 
6 139 7 21 271.272 13.661 440.44 171.11 134.4 
7 41 7 8 210.041 35.861 133.07 54.56 352.81 
8 68 8 8 348.361 40.984 192.23 72.08 403.21 
9 90 5 9 409.836 22.769 400.5 184.4 224.01 
10 68 7 12 232.24 23.907 219.23 87.26 235.21 
11 130 11 16 332.992 28.176 265.74 83.82 277.21 
12 192 15 25 314.754 24.59 287.33 77.5 241.93 
13 72 6 16 184.426 15.369 269.74 114.9 151.2 
14 70 7 8 358.607 35.861 225.56 89.67 352.81 
15 62 5 6 423.497 34.153 278.54 129.76 336.01 
16 66 6 16 169.057 15.369 247.69 105.87 151.2 
17 56 5 6 382.514 34.153 252.11 117.91 336.01 
18 45 5 8 230.533 25.615 203.36 96.05 252.01 
19 69 6 9 314.208 27.322 258.73 110.39 268.81 
20 65 6 10 266.393 24.59 244.01 104.36 241.93 
 
 
Leuggern Sample: Leu1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.3679 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1503      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 117 14 12 399.59 47.814 203.88 57.99 435.68 
2 95 7 12 324.454 23.907 327.89 128.8 217.84 
3 65 9 9 295.993 40.984 176.57 63.03 373.44 
4 146 10 16 373.975 25.615 352.08 115.58 233.4 
5 73 5 12 249.317 17.077 352.08 163.11 155.6 
6 47 3 6 321.038 20.492 377.06 224.83 186.72 
7 137 12 16 350.922 30.738 276.93 83.79 280.08 
8 142 10 9 646.63 45.537 342.68 112.6 414.93 
9 185 21 25 303.279 34.426 214.73 49.87 313.69 
10 191 21 20 391.393 43.033 221.58 51.38 392.11 
11 69 9 15 188.525 24.59 187.28 66.61 224.06 
12 62 9 9 282.332 40.984 168.52 60.33 373.44 
13 85 8 10 348.361 32.787 258.11 95.77 298.75 
14 199 19 30 271.858 25.956 254.51 61.6 236.51 
15 56 4 9 255.009 18.215 337.98 175.22 165.97 
16 102 9 9 464.481 40.984 274.96 95.97 373.44 
17 73 8 6 498.634 54.645 222.29 83.06 497.92 
18 75 13 10 307.377 53.279 141.43 42.71 485.47 
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19 100 12 15 273.224 32.787 203.31 62.42 298.75 
20 158 13 25 259.016 21.311 294.41 85.42 194.19 
 
 
Leuggern Sample: Leu3 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.3117 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1503      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 81 9 25 132.787 14.754 216.52 76.36 136.19 
2 64 7 14 187.354 20.492 219.9 87.8 189.15 
3 131 11 16 335.553 28.176 284.98 89.88 260.09 
4 76 8 12 259.563 27.322 228.34 85.15 252.2 
5 51 5 6 348.361 34.153 244.85 114.98 315.26 
6 155 12 25 254.098 19.672 308.53 92.92 181.59 
7 96 5 9 437.158 22.769 453.43 208.45 210.17 
8 82 10 16 210.041 25.615 197.57 66.45 236.44 
9 31 3 8 158.811 15.369 247.99 150.13 141.87 
10 54 5 12 184.426 17.077 258.97 121.31 157.63 
11 46 4 9 209.472 18.215 275.4 143.8 168.14 
12 51 6 12 174.18 20.492 204.68 88.56 189.15 
13 76 4 16 194.672 10.246 448.87 230.67 94.58 
14 69 7 16 176.742 17.93 236.77 94.19 165.51 
15 41 5 9 186.703 22.769 197.57 93.78 210.17 
16 30 5 9 136.612 22.769 145.15 70.25 210.17 
17 69 5 12 235.656 17.077 329.1 152.74 157.63 
18 92 8 16 235.656 20.492 275.4 101.86 189.15 
19 182 14 25 298.361 22.951 310.47 86.62 211.85 
20 29 4 9 132.058 18.215 174.99 93.48 168.14 
 
 
Leuggern Sample: Leu4 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-32 Rhod: 4.2554 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1503      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 53 4 15 144.809 10.929 312.26 162.19 102.22 
2 76 8 16 194.672 20.492 225.41 84.06 191.66 
3 34 5 6 232.24 34.153 162.15 77.82 319.43 
4 99 8 12 338.115 27.322 292.1 107.73 255.54 
5 79 7 16 202.357 17.93 266.92 105.57 167.7 
6 53 5 6 362.022 34.153 251.01 117.68 319.43 
7 72 6 9 327.869 27.322 283.44 120.75 255.54 
8 50 6 10 204.918 24.59 198.15 85.82 229.99 
9 90 9 9 409.836 40.984 237.06 83.19 383.31 
10 13 2 4 133.197 20.492 155.08 117.88 191.66 
11 26 2 6 177.596 13.661 306.51 225.11 127.77 
12 74 8 16 189.549 20.492 219.58 81.99 191.66 
13 33 5 6 225.41 34.153 157.43 75.7 319.43 
14 95 8 12 324.454 27.322 280.55 103.63 255.54 
15 77 7 16 197.234 17.93 260.29 103.06 167.7 
16 56 5 6 382.514 34.153 264.93 123.92 319.43 
17 77 6 9 350.638 27.322 302.67 128.62 255.54 
18 93 11 16 238.217 28.176 200.99 64.37 263.53 
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19 26 2 8 133.197 10.246 306.51 225.11 95.83 
20 49 5 6 334.699 34.153 232.4 109.33 319.43 
 
 
Siblingen Sample: Sib1 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 4.0096 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 74 9 12 252.732 30.738 184.41 65.33 305.11 
2 55 4 9 250.455 18.215 305.49 158.46 180.8 
3 79 9 12 269.809 30.738 196.68 69.44 305.11 
4 147 21 15 401.639 57.377 157.33 37 569.53 
5 126 22 12 430.328 75.137 129.01 30.05 745.82 
6 94 13 10 385.246 53.279 162.45 48.31 528.85 
7 53 6 9 241.348 27.322 197.91 85.45 271.21 
8 68 5 9 309.654 22.769 302.24 140.33 226.01 
9 265 13 25 434.426 21.311 447.88 127.92 211.54 
10 135 12 12 461.066 40.984 251.01 75.98 406.81 
11 48 4 10 196.721 16.393 267.41 139.39 162.72 
12 60 4 6 409.836 27.322 332.56 172.02 271.21 
13 157 26 15 428.962 71.038 135.95 29.07 705.14 
14 95 6 9 432.605 27.322 350.54 147.92 271.21 
15 114 9 10 467.213 36.885 281.94 97.98 366.13 
16 64 10 6 437.158 68.306 144 49.15 678.02 
17 129 7 12 440.574 23.907 406.22 158.11 237.31 
18 237 11 30 323.77 15.027 472.47 146.4 149.16 
19 49 7 10 200.82 28.689 157.33 63.74 284.77 
20 54 5 6 368.852 34.153 241.16 112.96 339.01 
 
 
Siblingen Sample: Sib2 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 3.9916 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 29 3 6 198.087 20.492 215.32 130.74 204.32 
2 36 3 4 368.852 30.738 266.23 160.18 306.48 
3 51 6 5 418.033 49.18 189.71 82.07 490.37 
4 58 6 6 396.175 40.984 215.32 92.56 408.65 
5 99 10 6 676.23 68.306 220.43 73.43 681.08 
6 56 5 12 191.257 17.077 248.82 116.37 170.27 
7 45 5 5 368.852 40.984 200.7 94.8 408.65 
8 47 4 4 481.557 40.984 260.79 136.05 408.65 
9 57 10 12 194.672 34.153 127.83 43.99 340.54 
10 37 3 4 379.098 30.738 273.47 164.37 306.48 
11 12 1 4 122.951 10.246 266.23 277.21 102.16 
12 34 5 8 174.18 25.615 152.21 73.04 255.4 
13 95 13 8 486.68 66.598 163.43 48.57 664.05 
14 151 12 20 309.426 24.59 278.9 84.06 245.19 
15 37 6 4 379.098 61.475 138.19 60.95 612.97 
16 58 8 6 396.175 54.645 162.16 61.35 544.86 
17 43 7 6 293.716 47.814 137.66 56.25 476.75 
18 26 3 4 266.393 30.738 193.37 118.05 306.48 
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19 62 5 9 282.332 22.769 274.92 128.07 227.03 
20 33 3 4 338.115 30.738 244.46 147.59 306.48 
 
 
Siblingen Sample: Sib3 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 3.9737 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 84 6 12 286.885 20.492 308.2 130.56 205.24 
2 40 4 5 327.869 32.787 221.63 116.41 328.39 
3 100 7 12 341.53 23.907 314.34 123.25 239.45 
4 43 4 4 440.574 40.984 237.95 124.59 410.49 
5 67 8 12 228.825 27.322 186.13 69.84 273.66 
6 155 13 15 423.497 35.519 263.4 76.46 355.75 
7 57 5 6 389.344 34.153 252.06 117.8 342.07 
8 56 4 6 382.514 27.322 308.2 159.77 273.66 
9 28 3 6 191.257 20.492 207.09 125.96 205.24 
10 40 3 5 327.869 24.59 293.85 176.12 246.29 
11 109 15 15 297.814 40.984 161.81 44.82 410.49 
12 64 5 6 437.158 34.153 282.35 131.38 342.07 
13 33 6 5 270.492 49.18 122.84 54.64 492.58 
14 168 14 36 191.257 15.938 265.06 74.15 159.63 
15 70 5 6 478.142 34.153 308.2 142.96 342.07 
16 69 6 6 471.311 40.984 254.23 108.47 410.49 
17 56 6 9 255.009 27.322 207.09 89.17 273.66 
18 73 7 9 332.423 31.876 230.96 91.64 319.27 
19 72 8 6 491.803 54.645 199.81 74.7 547.31 
20 67 5 6 457.65 34.153 295.29 137.18 342.07 
 
 
Siblingen Sample: Sib4 
ζ = 113.49 ± 1.8 Dated mineral: zircon 
Irrad. code: BS-28 Rhod: 3.9558 Dosimeter glass: CN1 
Grid unit: 24.4 µm2 Nd: 1587      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 58 7 8 297.131 35.861 183.36 73.57 360.8 
2 91 9 10 372.951 36.885 223.06 78.23 371.11 
3 199 21 25 326.23 34.426 209.28 48.42 346.37 
4 75 7 9 341.53 31.876 236.13 93.58 320.71 
5 92 13 9 418.944 59.199 156.93 46.73 595.61 
6 76 17 8 389.344 87.09 99.58 26.88 876.23 
7 57 8 6 389.344 54.645 157.98 59.83 549.79 
8 112 15 10 459.016 61.475 165.46 45.76 618.51 
9 57 4 6 389.344 27.322 312.19 161.74 274.9 
10 55 8 8 281.762 40.984 152.51 57.88 412.34 
11 54 12 8 276.639 61.475 100.23 32.13 618.51 
12 97 9 10 397.541 36.885 237.5 83.06 371.11 
13 93 11 16 238.217 28.176 187.04 59.89 283.49 
14 121 8 14 354.215 23.419 330.88 121.19 235.62 
15 47 4 6 321.038 27.322 258.5 134.86 274.9 
16 101 16 16 258.709 40.984 140.16 37.94 412.34 
17 71 5 6 484.973 34.153 311.12 144.25 343.62 
18 120 15 12 409.836 51.23 177.12 48.79 515.43 
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19 44 9 6 300.546 61.475 108.82 39.94 618.51 
20 91 6 9 414.39 27.322 331.76 140.18 274.9 
 
 
Kaisten Sample: Kai1 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 10.7677 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 36 218 49 11.656 70.585 30.66 5.59 79.78 
2 18 80 50 5.712 25.385 41.74 10.96 28.69 
3 15 92 49 4.857 29.788 30.27 8.48 33.67 
4 35 207 49 11.332 67.023 31.39 5.81 75.75 
5 19 83 64 4.71 20.576 42.46 10.87 23.26 
6 26 121 64 6.445 29.996 39.87 8.7 33.9 
7 34 200 49 11.009 64.757 31.56 5.93 73.19 
8 38 134 64 9.42 33.218 52.56 9.79 37.54 
9 64 168 100 10.154 26.654 70.51 10.57 30.13 
10 14 64 36 6.17 28.205 40.58 12.03 31.88 
11 26 90 70 5.893 20.398 53.54 12.03 23.05 
12 15 37 36 6.611 16.306 75.01 23.07 18.43 
13 24 93 80 4.76 18.444 47.85 11.05 20.85 
14 30 89 36 13.221 39.223 62.43 13.31 44.33 
15 42 130 100 6.663 20.625 59.85 10.77 23.31 
16 43 151 100 6.822 23.957 52.78 9.26 27.08 
17 20 72 36 8.814 31.731 51.49 13.1 35.86 
18 36 134 70 8.159 30.371 49.81 9.47 34.33 
19 18 96 36 7.933 42.308 34.8 9 47.82 
20 67 331 100 10.63 52.515 37.56 5.15 59.35 
 










































































































Kaisten Sample: Kai2 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 10.4812 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 11 47 25 6.981 29.827 42.26 14.21 34.63 
2 54 170 100 8.567 26.971 57.29 9.11 31.32 
3 70 131 49 22.665 42.416 96.08 14.51 49.25 
4 27 38 36 11.899 16.747 127.45 32.3 19.45 
5 51 152 49 16.513 49.215 60.5 9.95 57.15 
6 41 163 49 13.275 52.777 45.41 8.05 61.28 
7 41 112 36 18.069 49.359 65.98 12.2 57.31 
8 42 149 49 13.599 48.244 50.86 9.01 56.02 
9 20 74 36 8.814 32.612 48.78 12.38 37.87 
10 112 329 100 17.769 52.197 61.38 6.96 60.61 
11 42 124 36 18.51 54.648 61.07 11.05 63.45 
12 39 80 36 17.188 35.257 87.72 17.33 40.94 
13 35 120 36 15.425 52.885 52.62 10.23 61.41 
14 62 208 64 15.37 51.563 53.78 7.94 59.87 
15 61 219 64 15.122 54.29 50.26 7.43 63.04 
16 53 197 64 13.139 48.836 48.56 7.65 56.7 
17 127 460 100 20.149 72.981 49.82 5.21 84.74 
18 45 124 36 19.832 54.648 65.41 11.55 63.45 
19 43 252 49 13.923 81.594 30.84 5.17 94.74 
20 64 228 80 12.692 45.217 50.65 7.32 52.5 
 








































































































Kaisten Sample: Kai3 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 10.1947 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
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Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 109 292 70 24.705 66.182 65.44 7.6 79 
2 33 52 25 20.942 33 110.87 24.89 39.39 
3 33 82 30 17.452 43.366 70.53 14.69 51.77 
4 125 284 100 19.832 45.058 77.09 8.58 53.79 
5 149 344 100 23.64 54.577 75.88 7.77 65.15 
6 157 429 100 24.909 68.063 64.17 6.28 81.25 
7 49 107 25 31.096 67.904 80.19 14.04 81.06 
8 84 196 60 22.212 51.827 75.08 10.04 61.87 
9 146 319 100 23.164 50.611 80.15 8.35 60.42 
10 36 52 25 22.846 33 120.85 26.45 39.39 
11 66 122 36 29.087 53.766 94.63 14.73 64.18 
12 56 111 49 18.132 35.94 88.29 14.71 42.9 
13 27 57 25 17.135 36.173 82.93 19.53 43.18 
14 24 63 25 15.231 39.981 66.78 16.14 47.73 
15 37 62 25 23.481 39.346 104.31 21.89 46.97 
16 47 88 25 29.827 55.846 93.43 17.1 66.67 
17 61 135 36 26.883 59.495 79.13 12.43 71.02 
18 49 114 25 31.096 72.347 75.3 13.05 86.36 
19 87 207 100 13.803 32.842 73.64 9.66 39.2 
20 29 111 50 9.202 35.221 45.87 9.66 42.05 
 








































































































Kaisten Sample: Kai4 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 9.9082 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 31 59 100 4.918 9.361 89.36 20 11.5 
2 41 80 100 6.505 12.692 87.18 16.94 15.59 
3 44 85 100 6.981 13.486 88.05 16.56 16.56 
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4 40 86 100 6.346 13.644 79.17 15.33 16.76 
5 11 21 49 3.562 6.799 89.09 33.26 8.35 
6 19 31 60 5.024 8.197 104.12 30.49 10.07 
7 20 57 100 3.173 9.043 59.81 15.65 11.11 
8 14 41 49 4.533 13.275 58.21 18.1 16.31 
9 20 48 100 3.173 7.615 70.97 19 9.35 
10 19 67 70 4.306 15.186 48.38 12.66 18.65 
11 19 39 80 3.768 7.734 82.9 23.32 9.5 
12 11 16 49 3.562 5.181 116.68 45.83 6.36 
13 29 53 50 9.202 16.817 93.03 21.66 20.66 
14 15 18 49 4.857 5.828 141.16 49.53 7.16 
15 17 24 80 3.371 4.76 120.18 38.26 5.85 
16 9 25 50 2.856 7.933 61.36 23.92 9.74 
17 38 46 70 8.613 10.426 139.94 30.96 12.81 
18 15 29 36 6.611 12.781 87.98 28.1 15.7 
19 7 12 36 3.085 5.288 99.13 47.24 6.5 
20 44 73 100 6.981 11.582 102.41 19.78 14.23 
 








































































































Riniken Sample: Rin1 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 13.9192 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 63 195 16 24.033 74.387 77.26 11.43 65.04 
2 81 248 16 30.899 94.604 78.1 10.26 82.72 
3 66 257 40 10.071 39.215 61.49 8.68 34.29 
4 131 267 30 26.652 54.321 116.97 12.95 47.49 
5 41 192 12 20.854 97.656 51.17 8.93 85.38 
6 38 225 25 9.277 54.932 40.5 7.2 48.03 
7 33 237 21 9.591 68.883 33.41 6.29 60.23 
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8 29 95 30 5.9 19.328 73.03 15.64 16.9 
9 28 147 25 6.836 35.889 45.66 9.51 31.38 
10 32 199 24 8.138 50.608 38.57 7.43 44.25 
11 58 168 16 22.125 64.087 82.53 12.8 56.03 
12 44 163 24 11.19 41.453 64.62 11.14 36.24 
13 34 124 18 11.529 42.046 65.63 12.85 36.76 
14 30 82 20 9.155 25.024 87.42 18.83 21.88 
15 52 236 16 19.836 90.027 52.79 8.24 78.71 
16 26 60 6 26.449 61.035 103.42 24.47 53.36 
17 9 83 12 4.578 42.216 26.04 9.17 36.91 
18 43 145 36 7.29 24.584 70.95 12.5 21.49 
19 8 60 15 3.255 24.414 32 12.08 21.35 
20 18 80 16 6.866 30.518 53.91 14.15 26.68 
 








































































































Riniken Sample: Rin2 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 13.0597 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
RhosCryst Ns Ni Area Rhoi Age [Ma] σ U [ppm] 
1 47 309 25 11.475 75.439 34.24 5.46 70.3 








104.98 72.56 7.4 97.83 
3 47 244 16 93.079 43.33 7.02 86.74 
4 64 356 24 90.535 40.45 5.62 84.37 
5 173 660 100 10.559 40.283 58.9 5.32 37.54 
6 66 186 16 70.953 79.6 11.65 66.12 
7 52 140 25 34.18 83.3 13.75 31.85 
8 94 326 36 15.937 55.271 64.76 7.82 51.51 
9 33 122 18 41.368 60.77 12.06 38.55 
10 70 274 36 46.455 57.41 7.87 43.29 
11 17 110 16 41.962 34.79 9.13 39.1 
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76.294 62.9 7.98 71.1 
13 102 407 36 69.004 56.32 6.46 64.3 
14 116 505 25 123.291 51.64 5.53 114.89 
15 348 1250 100 76.294 62.54 4.22 71.1 
16 507 1820 100 111.084 62.58 3.65 103.52 
17 45 240 12 122.07 42.19 6.97 113.75 
18 76 360 25 87.891 47.48 6.16 81.9 
19 26 79 24 20.091 73.87 16.84 18.72 
20 397 1240 100 75.684 71.87 4.66 70.53 
 








































































































Riniken Sample: Rin3 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 12.7732 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 43 139 25 10.498 33.936 67.94 12.02 32.33 
2 76 257 24 19.328 65.358 64.96 8.7 62.27 
3 23 94 16 8.774 35.858 53.8 12.62 34.16 
4 84 273 36 14.242 46.285 67.58 8.67 44.1 
5 302 920 60 30.721 93.587 72.07 5.23 89.17 
6 57 175 16 21.744 66.757 71.51 11.11 63.6 
7 37 117 15 15.055 47.607 69.44 13.26 45.36 
8 66 260 20 20.142 79.346 55.8 7.87 75.6 
9 112 420 25 27.344 102.539 58.61 6.47 97.7 
10 43 94 16 16.403 35.858 100.21 18.69 34.16 
11 166 661 36 28.144 112.067 55.21 5.06 106.78 
12 69 173 24 17.548 43.996 87.46 12.72 41.92 
13 53 195 24 13.479 49.591 59.73 9.42 47.25 
14 50 197 24 12.716 50.1 55.79 8.99 47.73 
15 65 201 16 24.796 76.675 71 10.35 73.05 
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Appendix 
16 65 245 25 15.869 59.814 58.31 8.32 56.99 
17 47 248 36 7.968 42.046 41.71 6.75 40.06 
18 49 220 25 11.963 53.711 48.99 7.87 51.17 
19 52 160 16 19.836 61.035 71.36 11.58 58.15 
20 45 165 25 10.986 40.283 59.93 10.23 38.38 
 








































































































Riniken Sample: Rin4 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 12.2002 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 35 135 15 14.242 54.932 54.44 10.45 54.8 
2 41 170 25 10.01 41.504 50.66 8.94 41.4 
3 100 354 60 10.173 36.011 59.3 6.94 35.92 
4 47 170 21 13.66 49.409 58.04 9.72 49.29 
5 62 189 16 23.651 72.098 68.81 10.27 71.92 
6 44 192 25 10.742 46.875 48.15 8.17 46.76 
7 50 107 12 25.431 54.423 97.79 17 54.29 
8 79 230 18 26.788 77.989 72.03 9.63 77.8 
9 54 124 25 13.184 30.273 91.18 15.11 30.2 
10 113 445 100 6.897 27.161 53.33 5.84 27.09 
11 91 238 25 22.217 58.105 80.13 10.16 57.96 
12 52 187 36 8.816 31.704 58.37 9.31 31.63 
13 38 115 25 9.277 28.076 69.31 13.13 28.01 
14 26 97 15 10.579 39.469 56.28 12.54 39.37 
15 30 120 25 7.324 29.297 52.5 10.83 29.22 
16 63 276 25 15.381 67.383 47.96 6.84 67.22 
17 32 161 25 7.813 39.307 41.78 8.18 39.21 
18 71 174 25 17.334 42.48 85.48 12.3 42.38 
19 29 109 16 11.063 41.58 55.86 11.79 41.48 
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20 23 70 15 9.359 28.483 68.92 16.69 28.41 
 








































































































Riniken Sample: Rin5 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 11.3407 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 34 40 16 12.97 15.259 164.5 38.68 16.37 
2 16 74 25 3.906 18.066 42.24 11.71 19.39 
3 27 57 20 8.24 17.395 92.19 21.71 18.67 
4 93 210 25 22.705 51.27 86.23 11.04 55.02 
5 45 104 25 10.986 25.391 84.26 15.24 27.25 
6 68 232 16 25.94 88.501 57.2 8.07 94.97 
7 71 248 25 17.334 60.547 55.88 7.7 64.97 
8 58 156 16 22.125 59.509 72.47 11.35 63.86 
9 32 76 25 7.813 18.555 82.01 17.45 19.91 
10 75 320 25 18.311 78.125 45.78 6.03 83.84 
11 256 760 50 31.25 92.773 65.69 5.13 99.56 
12 53 209 25 12.939 51.025 49.52 7.76 54.76 
13 51 132 16 19.455 50.354 75.29 12.61 54.04 
14 146 281 36 24.753 47.641 101.05 10.73 51.13 
15 80 224 20 24.414 68.359 69.63 9.3 73.36 
16 37 121 16 14.114 46.158 59.66 11.35 49.53 
17 37 89 16 14.114 33.951 80.98 16.02 36.43 
18 25 68 20 7.629 20.752 71.67 16.9 22.27 
19 41 105 16 15.64 40.054 76.09 14.19 42.98 
20 79 200 25 19.287 48.828 76.97 10.48 52.4 
 










































































































Leuggern Sample: Leu1 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-34 Rhod: 11.2374 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 1660      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 8 143 50 2.538 45.375 10.86 3.96 49.14 
2 27 124 49 8.742 40.149 42.15 9.07 43.48 
3 18 197 40 7.139 78.137 17.72 4.41 84.62 
4 15 146 30 7.933 77.212 19.92 5.45 83.62 
5 27 88 60 7.139 23.269 59.32 13.22 25.2 
6 52 479 70 11.786 108.565 21.05 3.16 117.57 
7 4 31 20 3.173 24.591 25.01 13.32 26.63 
8 24 143 30 12.692 75.625 32.52 7.26 81.9 
9 16 155 30 8.462 81.972 20.02 5.3 88.77 
10 69 520 70 15.639 117.858 25.72 3.42 127.64 
11 13 137 30 6.875 72.452 18.4 5.38 78.47 
12 11 113 49 3.562 36.588 18.88 6 39.62 
13 12 139 24 7.933 91.887 16.75 5.07 99.51 
14 33 365 50 10.471 115.818 17.54 3.25 125.43 
15 24 118 60 6.346 31.202 39.38 8.93 33.79 
16 18 134 40 7.139 53.149 26.04 6.6 57.56 
17 16 139 50 5.077 44.106 22.32 5.94 47.77 
18 13 67 30 6.875 35.433 37.58 11.47 38.37 
19 7 97 20 5.553 76.947 14 5.5 83.33 
20 18 128 36 7.933 56.411 27.26 6.93 61.09 
 










































































































Leuggern Sample: Leu2 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 11.4661 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 3690      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 3 15 10 4.76 23.798 39.52 25.02 25.26 
2 8 40 28 4.533 22.665 39.52 15.35 24.06 
3 5 21 20 3.966 16.659 47.02 23.44 17.68 
4 6 13 16 5.95 12.891 90.83 44.91 13.68 
5 6 30 16 5.95 29.748 39.52 17.71 31.57 
6 11 60 50 3.49 19.039 36.23 11.93 20.21 
7 18 83 50 5.712 26.337 42.84 11.21 27.95 
8 12 70 36 5.288 30.85 33.89 10.64 32.74 
9 13 49 50 4.125 15.548 52.37 16.41 16.5 
10 7 33 36 3.085 14.543 41.9 17.48 15.44 
11 5 38 36 2.204 16.747 26.02 12.41 17.77 
12 6 39 24 3.966 25.781 30.42 13.37 27.36 
13 4 33 28 2.266 18.699 23.98 12.72 19.85 
14 5 34 24 3.305 22.476 29.08 13.96 23.86 
15 3 15 16 2.975 14.874 39.52 25.02 15.79 
16 5 20 16 4.958 19.832 49.36 24.72 21.05 
17 5 29 36 2.204 12.781 34.08 16.53 13.57 
18 7 92 60 1.851 24.327 15.06 5.92 25.82 
19 5 62 49 1.619 20.075 15.96 7.44 21.31 
20 7 81 36 3.085 35.697 17.1 6.76 37.89 
 

























Leuggern Sample: Leu3 
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ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 9.1722 Dosimeter glass: CN5 
Grid unit: 63.0 µm2
Ni
Nd: 3690      
Cryst Ns Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 21 33 25 13.327 20.942 100.11 28.11 27.79 

















40 11.502 22.212 81.58 18.83 29.47 
3 38 40 15.072 32.524 73.05 14.5 43.15 
4 38 50 12.058 32.366 58.79 11.31 42.94 
5 50 60 13.221 37.813 55.2 9.22 50.17 
6 87 60 23.005 41.25 87.81 12.05 54.73 
7 28 42 10.577 33.242 50.25 11.01 44.11 
8 13 24 8.594 27.103 50.07 16.01 35.96 
9 24 36 10.577 23.798 70.08 17.32 31.58 
10 27 48 36 11.899 21.154 88.57 21.47 28.07 
11 61 40 24.195 55.529 68.71 10.74 73.68 
12 14 25 8.885 19.039 73.56 23.91 25.26 
13 23 51 25 14.596 32.366 71.1 17.99 42.94 
14 23 36 10.136 18.51 86.24 22.52 24.56 
15 27 24 17.849 35.697 78.79 18.72 47.36 
16 39 50 12.375 28.241 69.1 13.43 37.47 
17 22 36 9.696 20.273 75.38 19.67 26.9 
18 33 28 18.699 48.73 60.55 12.53 64.66 
19 111 100 17.611 46.803 59.38 6.85 62.1 
20 19 35 8.613 20.398 66.59 18.33 27.07 
 








































































































Leuggern Sample: Leu4 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-38 Rhod: 9.3487 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 3690     
σ 
 
Cryst Ns Ni Area Rhos Rhoi Age [Ma] U [ppm] 
146 
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1 9 35 45 3.173 12.34 41.42 15.53 16.06 
2 44 155 100 6.981 24.591 45.71 7.93 32.01 
3 67 181 100 10.63 28.716 59.54 8.7 37.38 
4 22 73 70 4.986 16.545 48.51 11.89 21.54 
5 15 29 49 4.857 9.39 83.04 26.53 12.22 
6 51 138 100 8.091 21.894 59.44 9.9 28.5 
7 48 128 100 7.615 20.308 60.31 10.37 26.44 
8 10 42 60 2.644 11.106 38.36 13.55 14.46 
9 58 149 100 9.202 23.64 62.59 9.87 30.77 
10 52 133 100 8.25 21.101 62.87 10.46 27.47 
11 53 88 70 12.012 19.945 96.59 17.05 25.96 
12 9 23 25 5.712 14.596 62.92 24.81 19 
13 13 42 36 5.729 18.51 49.82 15.88 24.1 
14 44 103 60 11.635 27.236 68.66 12.54 35.46 
15 37 79 80 7.338 15.667 75.24 15.16 20.4 
16 28 38 36 12.34 16.747 117.98 29.6 21.8 
17 31 107 100 4.918 16.976 46.65 9.62 22.1 
18 43 146 100 6.822 23.164 47.42 8.35 30.15 
19 53 133 100 8.409 21.101 64.07 10.59 27.47 
20 32 73 64 7.933 18.097 70.45 15.09 23.56 
 
 








































































































Siblingen Sample: Sib1 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 9.0487 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 28 102 25 17.769 64.731 42.79 9.22 87.06 
2 36 140 36 15.865 61.699 40.09 7.59 82.98 
3 16 63 25 10.154 39.981 39.6 11.15 53.77 
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4 21 98 36 9.255 43.189 33.43 8.1 58.09 
5 26 92 16 25.781 91.226 44.05 9.87 122.69 
6 35 111 16 34.706 110.067 49.13 9.63 148.03 
7 37 139 80 7.338 27.566 41.5 7.77 37.08 
8 27 52 25 17.135 33 80.7 19.29 44.38 
9 9 33 25 5.712 20.942 42.51 16.04 28.17 
10 98 360 100 15.548 57.116 42.44 5 76.82 
11 23 68 25 14.596 43.154 52.68 12.8 58.04 
12 51 126 36 22.476 55.529 63 10.62 74.68 
13 14 47 25 8.885 29.827 46.42 14.2 40.12 
14 25 53 25 15.865 33.635 73.36 17.93 45.24 
15 34 99 30 17.981 52.356 53.49 10.75 70.42 
16 12 35 16 11.899 34.706 53.4 17.93 46.68 
17 9 25 9 15.865 44.071 56.06 21.86 59.27 
18 10 38 16 9.916 37.68 41.03 14.63 50.68 
19 14 69 25 8.885 43.789 31.66 9.33 58.89 
20 17 50 25 10.789 31.731 52.96 14.95 42.68 
 










































Siblingen Sample: Sib3 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 8.4757 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 24 120 25 15.231 76.154 29.23 6.59 109.35 
2 15 50 20 11.899 39.664 43.8 12.96 56.95 
3 84 153 25 53.308 97.097 79.93 11.11 139.42 
4 15 51 20 11.899 40.457 42.94 12.68 58.09 
5 18 31 20 14.279 24.591 84.51 25.17 35.31 
6 50 97 25 31.731 61.558 75.08 13.26 88.39 
7 18 37 25 11.423 23.481 70.88 20.48 33.72 
8 25 64 25 15.865 40.616 56.97 13.54 58.32 
9 37 82 25 23.481 52.039 65.77 13.17 74.72 
10 36 82 36 15.865 36.138 64 12.93 51.89 
11 28 65 25 17.769 41.25 62.8 14.32 59.23 
12 40 69 16 39.664 68.42 84.37 16.95 98.24 
13 29 63 16 28.756 62.47 67.09 15.18 89.7 
14 38 133 36 16.747 58.614 41.72 7.77 84.16 
15 31 85 16 30.739 84.285 53.21 11.27 121.02 
16 15 51 16 14.874 50.571 42.94 12.68 72.61 
17 17 29 16 16.857 28.756 85.31 26.18 41.29 
18 37 94 25 23.481 59.654 57.41 11.27 85.66 
19 61 104 36 26.883 45.834 85.36 14 65.81 
148 
Appendix 
20 39 118 40 15.469 46.803 48.24 9.02 67.2 
 








































































































Siblingen Sample: Sib4 
ζ = 345.69 ± 8.75 Dated mineral: apatite 
Irrad. code: BS-29 Rhod: 8.1892 Dosimeter glass: CN5 
Grid unit: 63.0 µm2 Nd: 4250      
Cryst Ns Ni Area Rhos Rhoi Age [Ma] σ U [ppm] 
1 14 20 12 18.51 26.442 98.33 34.39 39.3 
2 17 57 16 16.857 56.521 42.08 11.69 84 
3 34 53 16 33.714 52.554 90.17 19.99 78.1 
4 46 61 12 60.818 80.649 105.87 20.91 119.85 
5 27 30 25 17.135 19.039 126.15 33.67 28.29 
6 51 71 16 50.571 70.403 100.88 18.76 104.63 
7 19 30 9 33.494 52.885 89.03 26.24 78.59 




14 28 9 24.68 49.359 70.39 23.13 73.35 
10 18 12 23.798 60.818 55.15 15.42 90.38 
11 18 55 16 17.849 54.538 46.16 12.61 81.05 
12 8 39 9 14.103 68.75 28.97 11.28 102.17 
13 23 51 15 24.327 53.943 63.52 16.06 80.16 
14 33 49 16 32.723 48.588 94.63 21.49 72.21 
15 13 24 18 11.458 21.154 76.22 26.34 31.44 
16 51 84 16 50.571 83.294 85.37 15.36 123.78 
17 45 58 9 79.327 102.244 108.9 21.87 151.95 
18 37 40 16 36.689 39.664 129.62 29.81 58.94 
19 27 42 9 47.596 74.039 90.36 22.45 110.03 
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